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ciency control device 2 whicti modulates a light amount 
of incident fight is provkfed on a second surface oppos- 
ing the first surface. InckJent light 4 is made to be inci- 
dent obliquely to an optical axis of the mircolens 3a to 
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TTie output efficiency control device 2 modulates a fight 
amount of incklent fight and outputs the fight as outgo- 
ing fight 5 through the mircolens 3b. Because of such a 
structure, the output efficiency control device 2 can be 
decreased in size, conpared with a diameter of a beam 
and an aperture of a mircolens. 
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Description 

TECHNICAL FIELD 

The present invention relates to an output efficiency 
control device, and a projection-type display apparatus, 
an infrared sensor and a non-contact thermometer 
which use the output efficiency control device. 

BACKGROUND ART 

An optical modulator modulates the intensity of inci- 
dent light and outputs it. As a conventional example, 
there has been an optical modulator desaibed in U.S. 
Patent No 5,311. 360 and an article "Deformable Grat- 
ing Optical Modulator" (Optics Letters. Vol. 17. No. 9, 
May 1, 1992) by O. Solgaard et al. TTiis optical modula- 
tor modulates the intensity of light by utilizing the diffrac- 
tion effect of light and has the advantage of being 
miniaturized and mass-produced in an IC process. 

' Figure 32(a} is a plan view of an optical modulator 
described in the above-mentioned US. Patent and arti- 
cle, and Rgure 32(b) is a cross-sectional view taken 
along a line K-IC in Rgure 32(a). 

The optica] modulator includes a silicon substiate 
1 001 . a spacer layer 1002 made of a silicon oxide film 
formed in a peripheral region of the silicon substiate 
1001. and a dielectric layer 1003. The dielectric layer 
1003 is patterned to a plurality d minute dieledric 
beams 1004. and the dielectric beams 1004 float in a 
hollow space witfi both ends supported by the spacer 
layer 1 002. The dielectric layer i 003 is made of a| silicon 
nitride film rich in silicon, and its residual stress is 
reduced to about 200 MPa. The thickness of the spacer 
layer 1002 arid ttie dielectric l^er 1003 is set to be 
equal to 1/4 of a waveiengtfi'of 1^ w^ 
to be controlled, i.e.. light v^ich e incident upon the 
optical modulator. 

evenings 1 005 each having a width equal to tiiat of 
each dielectric beam 1 004 are fomied between the die- , 
lectric beams 1004. Furtfiermore, an Al reflective film 
1006 which also functions as an electrode is provided 
above the substrate 1001. The reflective film 1006 is 
confK3sed of upper reflective films 1007 formed on the 
suffeces of the dielectric beams 10P4and lower resflec- 
tive films 1008 formed on the surface of tfie substrate 
1001 tiirough tfie openings 1005. The upper reflective 
films 1007 and ttie lower reflective fSms 1008 form a 
reflection-type grating. 

The optical nxxlulation principle of a conventional 
optical modulator having the above-mentioned sti-ucture 
wilt be described witti reference to Rgures 33(a) and 
(b). In these figures, components identical witti those in 
Rgure 32 are denoted by ttie refer^ce numerals iden- 
tical with ttiose in Rgure 32, and ttieir desaipti'on will be 
omitted. 

Rgiiire 33(a) shows a state where a voltage is not 
applied between the reflective film 1006 and the sub- 
strate 1001 . At ttiis time, ttie difference in step between 



the upper reflective films 1007 and ttie lower reflective 
films 1008 is 1/2 of a wavelength of ttie incident light, 
and ttie difference in optical patti between light reflected 
from ttie upper reflective films 1007 and light reflected 
5 from the lower reflective films 1008 is one wavelength. 
Therefore, the phases of ttiese light beams are 
matched. Thus, ttie reflection-type grating functions as 
an ordinary min-or witti respect to inddent light 1010 
which is incident upon ttie grating, and ttie incident light 
10 1 01 0 becomes zero-th order diffracted light 1 01 1 to be 
reflected to an incident side. 

On ttie other hand, under ttie condition ttiat a volt- 
age is applied between ttie reflective film 1006 and ttie 
substrate 1001. ttie reflective film 1006 and ttie sub- 
15 strata 1001 forms a capacitor interposing ttie dielectric 
layer 1003 and an air layer 1012. and the reflective film 
1006 is positively charged and ttie substrate 1001 is 
negatively charged. Since an electrostatic attracting 
force is affected between ttie charges, ttie dielectric 
20 beams 1004 are bent and attracted to ttie substrate 
1001 until ttiey come into contact witti ttie substrate 
1001, as shown in Rgure 33(b). At ttiis time, ttie differ- 
ence in step between ttie surfaces of ttie upper reflec- 
tive films 1007 and ttiose of tfie lower reflective films 
25 1008 becomes 1/4 of a wavelengtti of ttie incident light, 
and ttie difference in optical path between ttie light 
reflected from ttie surfaces of the upper reflective films 
'' 1007 and^the ligW'reflecte^^ from ttie surfaces of ttie 
lower refleiiive films 1008 bebomes a 1/2 wavelength in 
30 round travel, whereby ttie phases between ttiese light 
beams are shifted by a half wavelengtti. Thus, the light 
reflected from. the upperteflec^e^ti^ and ttie 
light reflected from th^ lower refine film 1008 cancel 
each other to eliminate zero-tti order diffracted light, and 
.35 diffracted Jight c^^^ order diffracted 

r 1 ligfii .ou(fh£ e)inple."at this time, ±1st order dif- 
fracted fight beams 1013a and 1013b are generated at 
a diffraction efficiency of 41%, respectively. As 
descftoed above, ttie optical modulator is capable of 
40 riiodUjring feidd^^^ light by turning on/off a voltage 
.appiied to-tfie feflective film 1006 and tfie substrate 

' 1001/ ■ t-'~ ' / ■ ■ 

However, tfie above-mentioned conventional optical 
modulator modulates incident light having a beam diam- 

45 eter at most witti a size of tfie grating. Thus, in order to 
^ modulate incident light having a farge diameter, it is 
required to mcrease the size of ttie grating. However, 
when the grating is increased in size, ttie grating is likely 
to adhere to ttie silicon substrate 1 001 during ttie step of 

50 floating ttie grating by a half wavelength. Therefore, it 
was difficult to produce such a conventional optical 
modulator witti a good yield. 

The objective of the present invention is to provide 
an optical modulator which is capable of modulating ttie 

55 light amount of incident light having a large beam diam- 
eter and which has a high response speed, an output 
effidency control device which is capable of obtaining a 
uniform diffraction effect, and a display apparatus, an 
infrared sensor and a non-contact thermometer which 
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use the optical modulator and the output efficiency con- 
trol device. 

DISCLOSURE OF THE INVENTION 

An optical modulator of the present invention com- 
prises: output efficiency control means for nrxxJulaling a 
light amount of light which is incident thereupon; first 
focusing means for focusing the light onto the output 
efficiency control means; and second focusing means 
for outputting the light whose light amount is modulated 
by the output efficiency control means, wherein the first 
and second focusing means are disposed so as to 
oppose the output efficiency control means, whereby 
the above-mentioned objective is achieved. 

In an embodiment, the output efficiency control 
means is a r^lection-type optical element 

in an embodiment, the first focusing means and the 
secorKi focusing means are formed on an identical sur- 
face of a substrate. 

In an embodiment, the optical modulator further 
has a transparent substrate having a first surface and a 
second surface opposing each other, and the first focus- 
ing means and the second focusing means are formed 
on the first sur^ce of the transparent sub»strate. and the 
output effidency control means is; a reflection-type opti- 
cal element forrned ori flie second surface of the trans- 
parent subsfrata , 
' In an embodiment, the biitput efficiency control 
means indudes:. a transpare^ func- 
^ tions as a first electrode, formed on the second surface 
of the transparent sitostr^^^^^ formed on 

the trahsparert eiejb-^ on the 

transparent electrode; and a second grating composed 
of a plurality of beams having portior]s whidi fundion as 
second, eiecfrpdes. both ends pf the tieams being sup- 
' ported on the spacer layer, wherdnjad^^ 
the transparent electrode and the second grating is var- 
ied by adjusting a voltage applied between the first elec- 
trode and the second electrodes, thereby controlfing an 
eff idericy at whicfi the IrgM 

means is output to the second focusing means. Tlie out- 
put control efficiency means nray further have an insu- 
lating layer provided on the first grating. 
- In an embodiment, the first and second focusing 
— mmm \ mB wi Mtiatical jsJiiapb. ai^ 0>y outpui yffi- 
dency contid means is disposed with a center thereof 
positioned at a pdnt of intersection of a line vertical to a 
plane on which the first focusing means and the second 
focusing means are formed, extending from a center of 
a straight line connecting a center of the first fooising 
means and a center of the second focusing means, and 
^ a plane on which the output effidency control means is 
■ ^fbrrned. ' ' . " ' " ~ ^' ; 

In an embodimeiit. the first focusing means and the 
second focusing means have a similar elliptical shape in 
which a aoss-section in a thickness direction gredually 
decreases and are arranged in a major axis direction 
thereof. Preferably, assuming that an incident angle of 



an optical axis of the fight incident on the first focusing 
means with respect to a vertical direction of a plane on 
which tiie first focusing means and the second focusing 
means are fomied is e. a size ratio of the major axis of 
5 tiie ellipsoid to a minor axis is l/cosO . 

In an embodiment tiie first focusing means and the 
second focusing means are diffraction-type mircolenses 
having a binary/multi-level structure. 

In an embodiment tiie first focusing means and tiie 
10 second focusing means are square lenses each having 
a rectangular aperture, and an intenal between the plu- 
rality of beams in ttie second grating of ttie output effi- 
dency control means gradually increases in a 
longitudinal direction d ttie beams. A period d tiie grat- 
75 ing may increase according to a linear function in a lon- 
gitudinal direction d ttie grating. Preferably, tiie first 
grating and the second grating d ttie output efficiency 
control means are deigned in such a manner ttiat a 
portiori d the grating hayirig a smallest period becomes 
20 7 times or more a wavelengtii d ttie incident light More 
prderady, assuming ttiat a lengtti d one side of ttie lens 
is U a focal length d ttie lens is f. and an angle fomied 
t>y a normal to a princ^ plane d ttie plate of ttie output 
efficiency control device and ttie optical axis of the lens 
25 is e, ttie first grating and ttie second grating are 
designed in such a mariner ttiat a portion d ttie grating 
: having . ; a largest , .^penod . ^ becomes 
7(2f + Ltan0)/{2f - UahO) times or more the wave- 
lengtii d tiie incident light Iri ttie second grating. 
30 lengttis of ttie plurarity d beams may be equal. 

In an embodiment ttie output efficiency control 
means is a rnovable mirror. ^ ^ ; 

' Acxxjiding to a 
tion. a display apparatus is provided. The display appa- 
,35 ratus includes: a fight source; splitting means for 
fitting light enirtted from the Ggil^ source into a plurality 
d colored light beams having wavelengtti ranges differ- 
ent from each ottier; a plurafity d optical modulators, 
provided in optical patfis d ttie plurality d colored light 
40 beams, respectively, for moddating the plurality d 
odored light beams, respectively; and an imaging lens 
inriaging ttie plurafity.d.colored light beams n^ 
tjy ttie plurality d optical modulators, wherein each of 
ttie plurality of optical modulators includes: a plurality of 
45 output efficiency control means arranged in an anay. for 

i i hodulaliny a tiylil mm\[ of a wi i bspuKllny uuloibJ 

light beam d ttie plurality d colored light beams; and 
focusing means having a plurafity d focusing elements 
arranged in an anay. ttie con-esponding colored light 
so beam is incident upon ttie focusing means in a direction 
obfique to an optical axis d ttie focusing means and is 
focused on ttie output efficiency control means, and the 
modulated corresponding colored light beam is output 
01 an oblique direction through tie fociKSing means. 
55 In ah embodment an incident angle at which ttie 
odored light beam is incident tpon ttie focusing means 
IS eqiiai to ari angle at which the colored light beam is 
output from ttie foaming means, an interval at which the 
plurality d output effidency contrd means are arranged 
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is equal to an interval at which the plurality of focusing 
elements are arranged in the focusing means, and the 
plurality of output efficiency control means are disposed 
so as to be shifted by a half of the arrangement interval 
with respect to the focusing means in a direction in 
which an incident direction of the colored light beam Is 
tilted with respect to the optical axis of the focusing 
means. 

In an embodiment, each of the plurality of output 
efficiency control means is disposed so as to oppose a 
pair of focusing elements adjacent to each other of the 
plurality of focusing elements of the focusing means, 
receives the con-esponding colored light beam from one 
of the pair of focusing elements, and outputs the modu- 
lated corresponding colored light beam to the other one 
of the pair of focusing elements. 

•^In an embodiment, the plurality of output efficiency 
control means are an'anged in an m-row and n-column 
tvwoHdimensional array, the plurality of focusing elements 
are arranged in an {m+1)-row and n-column twonlimen- 
sidhal army in the focusing means, and output efficiency 
control means on a k-th row is disposed so as to corre- 
spond to a focusing element on a k-th row and a focus- 
ing element on a (k+1)-th row. 

In an embodiment, the plurality of optical modula- 
tors include a transparent substrate having a first sur- 
face on which the focusing means is formed and a 
second surface opposing the first surface, and the out- 
put efficiency control means is a reflection-type optical 
element formed on the second surface. Each of the plu- 
rality of output efficiency control means includes: a 
transparent electrode ^ich'fcnOtipns,as a first ele^^^^^^ 
trode, provided on ttie second surface df the transparent 
substrate: a first grating formed on the tansparent elec- 
trode; a spacer layer formed on the transparent dec- ' 
trbde; and a second grialihg bomposbd of a plurality of 
beams having portions which function as second elec- 
trodes, both ends of the beams being sipported on the 
spacer fayer, wherein a cfistance between the transpar- 
ent electrode and the second grating is varied by adyust- 
ing ^ voltage applied between the first electrode and the 
secchd electrodes, thereby an efficiency at which the 
corresponding colored light beam is output to the focus- 
ing means is controlled. 

- In an embpdiment._ the_ plurality of focusing e!e-^ 
ments have a similar elliptical shape in which a aoss- 
section gradually decreases in a thickness direction 
thereof. Preferably, assuming that an angle of an optical 
axis of the corresponding colored light beam incident 
upon the focusing means with respect to a vertical 
direction of a plane on which the focusing means is 
formed is 6, a size ratio of a major axis of the ellipsoid to 
a minor axis is 1/cose. 

in an embodiment.' tfie splitting means has a first 
splitting element which reflects a blue light beam and 
transmits the other light beams, a second splitting ele- 
ment which r^lects a green light beam and transmits 
the other light beams, and a tfiird splitting element 
which reflects a red light beam and transmits the other 



light beams. A wavelength bandwidth of light reflected 
from the first splitting element is smaller tiian wave- 
lengtfi bandwidths of light reflected from the second 
splitting element and the third splitting element Alterna- 

5 tively, a wavelength bandwidth of light reflected from the 
third splitting element is larger than wavelength band- 
widths of light reflected from the first splitting element 
and the second splitting element. Alternatively, a wave- 
length bandwidth of reflected light decreases in tfie 

10 order of the third splitting element, the second splitting 
element and the first splitting element Preferably, the 
light emitted from the light source passes through the 
first splitting element, the second splitting element, and 
the third splitting element in tiiis order. 

15 In an embodiment each of tfie plurality of optical 
modulators further has a control circuit of the output eff i- 
dency control means, and the second electrode of each 
of the output effidency control means is connected to a 
connecting electrode of the control drcuit via a solder 

20 bu mp. 

jn an embodiment each of the pluraRty of optical 
. nwdulators further has light absorbirig means provided 
iri a region of the transparent substrate other than a 
region thereof where the focusing means and the plural- 
25 ity of output efficiency cpritrol means are formed. The 
nght absorbing means may also be proirtded on each 
" periphery of the^liSkity oft^ 
. . , . In an embodiment, the output effdency control 
. ' ; means outputs zera4h order diffracteMd light of the con-e- 
30'' sponding color^ light beam" ' ' ' 

. (xriti^^ afi;array' jotf moS^ 

In an errtwdim^ t^^^ means is a diffrac- 
tion-typ^ '^ri?^©'?. 'su^jf;!^ binary/multi-level 
35 'structure:? J-^-^; -^^^ > 

■ , Irt an embodirnOTt in the second grating, an inter- 
val of the plui^ality of bearns gradually increases in a lon- 
gitudinal direction of the beams. A period of the grating 
increases according to a linear function in a longitudinal 
40 direption bf the grating. In the seoD^ lengths of 
tfie plurality of bearre ar^^ '!V;. "I 

Aocordirig to another cepect erf pr^ent inven- 
tion, an output effidaicy cdhtrdi device is provided. TTie 
output effteiency control device is an output effidency 
.45 control .devfoe which modulates a light amount of inci- 
. dent light and outputs the modulated light comprising: a 
plate having a portion which functions as a first elec- 
trode; a spacer layer formed on the plate; and a grating 
composed of a plurality of beams which are not parallel 
so to each other, the beams having portions which function 
as second electrodes, both ends of the beams being 
supported on the spacer layer, wherein a distance 
between the grating and the plate is varied by adjusting. 
^ a voltage applied between he first electrode and the 
55 . second electrodes, wherci^ jan output effidency of tiie 
iight is controlled, ; . " 

In an embodiment a period of the grating gradually 
^ increases in a tongrtudinal direction of the grating. A 
period of the grating increases according to a linear 
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function in a longitudinal direction of the grating. 
Lengtfis of the plurality of beams are equal. 

In an embocGment the plurality of beams of the 
grating are aligned on an identical plane when a voltage 
is not applied between the first electrode and the sec- s 
ond electrodes, and every other beam is attracted to the 
plate side when a voltage is applied, thereby the output 
efficiency is controlled. The plurality of beams are 
densely aligned and function as a min'or when a voltage 
is not applied between the first electrode and the sec- io 
ond electrodes. 

In an embodiment, assuming that a wavelength of 
the incident light is X. and an angle formed by a normal 
of a principal plane of the plate of the output efficiency 
control device and an optical axis of the incident light is is 
e, an operation distance of the grating is set to be 
mX/(4cos9) , where m is an integer. 

In an embodiment, assuming that a wavelength of 
the inddent light is X. and an angle formed by a norrnal 
to a principal plane of the plate of the output efficiency 20 
control device and an optical axis of the inddent light is 
e. a thickness of the beams is set to be mX/(4cos6) , 
where m is an integer. 

In an embodiment, the output efficiency control 
device of the present invention further includes a reflec- 2s 
tive film fbmied on a surface of the plate and a surface 
of the grating. * ■ ^ 

' " ' ' In an en*^ output lefficiency control 

^device of the present invention further includes an irisu- 
lating film formed between the plate afxj pB grating. 30 
Furthermore; the output efficiency control device of tiie 
present inventiori further includes a reflective film 
formed on a isurface of the insulating layer and a surfece 
of the grating. 

According to anothe- aspect of the pr^ent inven- 35 
tion, an infrared sensor fe prcwnded; The Ihfra^ sensor 
includes: a lens for focusing infrared fight; a pyro-elec- 
trie element; and the output effidency coritrol device 
having the abovoKlescribed conTiguration, which 
receives the infrared light focused by the lens and out- 40 
puts at least part of the infrared light to the pyro-electric 
'elem©Tt ■ "'.^"^ ,.7- 

In an embodiment.^ the pyro-electriic element has a 
rectangular surface. 

In an embodiment, tiie lens has a rectangular aper- 45 



device changes a light amount of the zero-th order dif- 
fracted light 

In an emt)odiment the infrared sensor furtfier 
includes a sealing member having an opming. and the 
sealing member contains the output effidency control 
device and the pyro-electric element. The lens may be 
provided in the opening of the sealing member. 

In an en^xxjiment. the lens is a diffraction-type 
lens. 

In an embodiment, a smallest period of the grating 
of tiie output efficiency control device is 7 times or more 
a wavelengtfi of tiie infrared light. Assuming that a 
lengtii of one side of tiie lens is L. a focal length of tiie 
lens is f. and an angle formed by a normal to a prindpal 
plane of tiie plate of the output efficiency control device 
and an optical axis of tiie lens is 0, a largest period of 
ttie grating is 7(2f + Ltane)/(2f - LtanO) times or more a 
wavelengtfi of the infrared light. 

In an embodiment tiie output effidency control 
device is disposed in such a manner ttiat a direction 
which is parallel to a prindpal plane of the plate and ver- 
tical to the grating is vertical to an optical axis of tiie 
lens. 

According to anotiier aspect of tiie present inven- 
tion, an infrared sensor is provided. The infrared sensor 
indudes: an output effidency control device having a 
structure as descn'bed above, which outputs at least 
part of inddent infrared light; a pyib-eliectric element; 
and a ler^ foi fcK^using tiie infrared light output from the 
output effidency control device onto ttie pyro-electric 
element provided between tiie output effidency control 
device and the pyro-elecfrice^ ^ 
* ' in an eiihbodi^^ has a 

rectangular surface. 

In an embodiment the lens has a rectangular aper- 

'turei' v:: ' . ^ ■ 

Iri an embocfiment the output effidency control 
device is obliquely disposed in such a manner tiiat a 
normal to a prindpal plane of tiie plate is not parallel to 
an optica asds of tiie lens. . 

, In ah embodiment the ouj^ut effidency control 
device is cfisposed in SMph a manner tiiat only zero-th 
order cfiffracted light of diffracted, light diffracted by tiie 
grating of the output effidency cotitrol device is incident 
upon the pyro-electric element and diffracted light otiier 



ture. 

In an enixxfiment tiie output effidency control 
device is obliquely disposed in such a manner that a 
normal to a prindpal plane of tiie plate is disposed so as 
not to be parallel to an optical axis of the lens. so 

In an embodiment, the output effidency control 
device is disposed in such a manner that only zero-th 
order diffracted light of diffracted fight diffracted by the 
grating of the (XLitput effidem^ oor^ 
upon tiie pyro-electric element and diffracted fight otiier ss 
than the zero-th order diffracted fight is not inddent 
upon the pyrb-elecbic element 

In an embodiment a change in a distance between 
the grating and the plate of the output effidency control 



than the zero-tii order diffracted figfit is not incident 
upon tiie pyro-electric element 

In an embodiment, a change in a distance between 
the grating and tiie plate of the output efficiency control 
device changes a light amount of tiie zero-th order dif- 
fracted light 

In an isntf^odiment the infrared sensor furtiier 
iridudes a sealing member having an opening, and tiie 
sealirig member contains the output effidency control 
de^ and the pyro-electric dement 

Iri ah embodiment tiie lens has a surface relief 
structure in accordance with a modulated amount of a 
phase of the lens and is composed of a material 
selected from tiie group consisting of Si, Ge, GaAs. InP. 
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GaP. ZnSe. and ZnS. 

In an embodiment, the output efficiency control 
device is disposed in sucfi a manner that a direction 
which is parallel to a principal plane of the plate and ver- 
tical to the grating is vertical to an optical axis of the 5 
lens. 

According to another aspect of th present inven- 
tion, an output efficiency control device array is pro- 
vided, which modulates a light amount of incident light 
and outputs the modulated light, having a plurality of io 
output efficiency control devices an'anged in a two- 
dimensional array. Each of the plurality of output effi- 
ciency control devices includes: a plate having a portion 
which functions as a first electrode; a spacer layer 
formed on the plate; and a grating composed of beams is 
which are not parallel to each other, the beams having 
portions which function as second electrodes, both 
erKjs of the beams being supported on the spacer layer, 
wherein a distance between the grating and the plate is 
vsified by adjusting a voltage applied between the first 20 
electrode and the second electrodes, thereby an effi-' 
ciency at which the light is output is controlled. 

According to another aspect, of the present inven- 
tion, an Infrared seriisor is provided. The infrared sensor 
includes: a lens for focusing infrared light: a pyro-elec- 25 
trie element; and an output efficiency control device 
array having tfie;^abov%-menfioned sfructure, which 
receives the infrared fight focused by the lens and out- 
puts at least part of the infrared light to the pyro-electric 
element. 30 

Accading to still another aspect of the present 
invention, a method for drivihg an infrared sensor hav-._ " 1' 
ihg the above-mentioned structure fe provided, the 
method iridudes tfiie steps of: successively operating 
this plurality of output efficiency contrd devices, and , 3S^ 
successively detecting output signals from the pyro- * 
electric element thus obtained;, and detecting a two- 
dimensional infrared light intensity distribution as infor- 
mation in time sequence, based on the detected output 
signals from the pyro-e!ectric elemjBnt. 4ci . 

. ^;:Accottling to stili another aspect of the present ''' 
invention, an infrared sensor is provided. The infrared 
sensSbr includes: an output efficiency control device 
array having the above-mentioned structure, which out- 
puts ^ieast part of jnddent infrared light a pyrorelectric 45^ 
element: and a lens for focusing tiie infrared light output 
from the output efficiency control device onto tfie pyro- 
electric element provided between the output efficiency 
control device and tfie pyro-electric element. 

According to still another aspect of the present so 
invention, a mettiod for driving an infrared sensor hav- 
ing the above-mentioned structure is provided. The 
method includes the steps of: successively operating 
the plurality of out>ut ef^iciericy cortrol devices, and 
successively detecting utput signals from tfie pyro- ss' 
electric element tfius obtained; arid detecting a two- 
dimensional infrared light intensrly disfribution as infor- 
maition in time sequence, based on the delected output 
signals from tfie pyro-electric element. 



According to still anottier aspect of tfie present 
invention, a non-contact tfiermometer is provided. The 
non-contact thermometer includes: a lens for focusing 
infrared light; a housing having an opening: a shield 
which closes and opens tfie opening; a pyro-electric 
element provided in the housing; contact-type tempera- 
ture measuring means provided on a side wail of tfie 
housing; and an output efficiency control device having 
tfie above-mentioned sfructure. which is provided in tfie 
housing, receives tfie infrared light focused by the lens, 
and outputs at least part of the infrared light. Preferably, 
tfie contact-type temperature measuring means is a 
tfiermo-couple. 

According to still anotfier aspect of tfie present 
invention, a non-contact tfiermometer is provided. The 
non-contact tfiermometer includes: a housing having an 
opening: a shield which closes and opens tfie opening; 
a pyro-elecfric element provided in tfie housing; con- 
tact-type temperature measuring means provided on a 
side wall of the housing: an output efficiency control 
device having tfie above^nentioned structure, which is 
provided in tfie housing, receives infrared light tfirough 
tfie opening, and outputs at least part of tfie infrared 
light; and a lens which outputs at least part of tfie infra- 
red light output from tfie output efficiency confrol device 
to tfie pyro-electric element Preferably, tfie contact-type 
, ternperature measuring means is a tfi^rmo-cbuple. , 
. According, to. sti^^ anotfier aspart. of tfie present 
inyention,' a non-<»htacl tfiermometer is provided. The 
non-oahtact tfiermometff iridudes: a lens for focusing 
jnfrared jight; a housing haying an opening; a shield 
, which .cibses^-and bperis the|0pening;^ a pyro-electric 
element provided in the housirig: contact-type tenpera- 
ture measuring means provided on a side wall of tfie 
hoijsing; and.an oi|pul €ffidericy w device array 
hairing the aboye-merfioited staicture. which is pro- 
vided in the housing, receives tfie infrared light focused 
by tfie lens, and outputs at least part of tfie infrared light. 
Preferably, tfie contact-type temperature measuring 
means isatfienTO-coupla ! . ^ 

According to^ s^ll anotfier aspect^, of tfie present 
invention, a non-contact tfiermometer is provided. The 
non-contact tfiermometer includes: a housing having an 
opening; a shield which closes and opens tfie opening; 
a.pyro-electftc element provided in tfie housing: con- 
tact-type temperature measuring means provided on a 
side wall of tfie housing; tfie output efficiency control 
device of claim 71. which is provided in tfie housing, 
receives infrared light incident tfirough tfie opening, and 
outputs at least part of tfie infrared light; and a lens 
which outputs at least part of tfie infrared light output 
from the output efficiency control device to tfie pyro- 
elecAric element. P^ contact-type tempera- 

ture measunng means is a thermo-couple. 

Acconding to stiil another aspect of the present 
invention, a metfiod for producing a display apparatus 
having tfie above^nentipned structure is provided. The 
production metfiod includes tfie steps of: producing tfie 
plurality of optical modulators; and arranging and 
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assembling the light source, the splitting means, the plu- 
rality of optical modulators, and the imaging lens, 
wherein the step of producing the pluraTity of optical 
modulators includes: forming the focusing means on a 
first surface of a transparent substrate: forming the plu- 
rality of output efficiency control means each having a 
connecting portion for driving on a second surface of the 
transparent substrate opposing the first surface; con- 
necting the connecting portion for driving to a driving cir- 
cuit for driving tiie plurality of output effidency control 
means; in the case where there is a connection defect 
between the connecting portion for driving and the driv- 
ing drcutt irradiating the connecting portion corre- 
sponding to the connection defect with laser light, 
thereby repairing the connection defect 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a view showing a structure of an optical 
modulator in Embodiment 1 of the present invention: (a) 
is a perspective view seen from a lower surface and (p) 
is a side view. 

Rgure 2 is a cross-sectional view taken along a line 
A-A' in Figure 1- 

Figure 3 shows an example of diffraction-type ellip- 
tical mircolenses: (a) is a plan view and (b) is a aoss- 
sectional view of one of the mircolenses in (a). ; 

Rgure 4 illustrates the steps of prbdudr^ an ou^ 
. effidency control device in Embodiment 1; 

Rgure 5 is a view showing a structure of an optical 
; modulatcK using a movable mirror as' an output effi- 
V - dency control device. ^ - ; 

Rgure 6 is a peiipective ^Hew seeri from a lower 
surface showing a strucfajre of the optical rnodulator in 
Embodiment 2 of the present invention. 

Rgure 7 schentatically ishovins ai strubtijre oif a dis- 
play apparatus in Embodiment 3 oif the present inven- 
tion. V -V 

Figure 8 is a view showing a structure of an optical 
mcxiulator m the display apparatus in Figire 7: (a) is a 
top perspective view and (b) is a cross-sectional view. 

Rgure 9 shows a state where a drrying drcu'rt driv- 
ing an output effidency control device Is connected to 
the optical modulator in the display apparatus in Rgure 

Rgure 10 shows wavelength dependence charac- 
teristics of a zero-th order diffraction effidency (output 
effidency of reflected light) of the output effidency con- 
trol 6eAce in Embodiment 3. 

Figure 1 1 shows a relationsh'p between the array of 
a plurality of an^nged rectangular mircolenses and tiie 
aperture ratio. 

Rgure 12 is a perspective view showing a structure 
- of an infrared sensor using the butpirt isffidency control 
device in Embodiment 4 of the present invention. 

Figure 13 is a side view of the infrared sensor in 
Rgure 12. 

Figure 14 is a plan view of a lens of the irrfrared 
sensor in Figure 12. 



Figure 15 is a view showing an example of a spot 
shape on a pyro-electric element: (a) shows tiie case 
where incident Irgfit is focused on the pyro-electric ele- 
ment using a conventional drcular lens and (b) shows 
5 tiie case where a lens is in tiie form of a rectangle. 

Rgure 16 shows a structure of an output effidency 
control device in Eni}odiment 4: (a) is a plan view and 
(b) is a cross-sectional view taken along a line B-B' in 
(a). 

10 Rgure 1 7 illustrates the steps of produdng tfie out- 
put efficiency control device in Figure 16. 

Rgure 18 illustrates an operation of tiie output effi- 
dency control device in Rgure 16. 

Rgure 19 shows a stiucture of an optical modulator 
15 in a display apparatus in Embodiment 5 of the present 
invention: (a) is a top perspective view and (b) is a 
cross-sectional view. 

Rgure 20 shows a state where a driving drcuit for 
driving an output effidency corrtrol device is connected 
20 to the optical modulator in the display apparatus in Fig- 
ure 19. 

Rgure 21 schematically shows a grating configura- 
tion of the output effidency control device in Ent)odi- 
mentS. 

25 Rgure 22 is a view showing a structure of an output 
effidency control device in Embodiment 6 of the present 
invention: (a) is a |^ view and (b) is a cross-sectional 
view taken along a line E-E' in (a). 

Rgure 23 shows a structure of an ou^ut effidency 
30 control device in Embodiment 7 of the present invention: 
(a) is k plan view and (b) is a cross-sectional view taken 
alongaiirieF-Fai{a).; 
IV. V. Rgure24 illifitrktes the steps^^^^^ 
put effidency control device in Rgure 23. 
35 Rgure 25 iflistrates an operatioffi of tiie output ef^^ 
dehcy control devicie in Figure 23. " 

Rgure 26 is a view showing a structure of an trifra- 
red sensor in Embodiment 8 of tiie present inventbn: 
(a) is a skie view and (b) is a view seen in a -x direction 
40 from a plane whKh is parallel to a y-z plane and 
indudes a line G-G'. 

Rgure 27 is a view showing a structure of an infra- 
red sensa in Entxxiiment 9 of the present inventiori. 
Rgure 28 is a view showing a structure of an output 
4f! PffidAncy control riwicQ array in the infrared sensor in 
Rgure 27: (a) is a plan view, (b) is a cross-sectional 
view tal^ along a One H-H' in (a), and (c) is a cross- 
sectional view taken along a line l-i' in (a). 

Rgure 29 is a view showing a structure of means for 
50 measuring a two^fimensional intensity distribution of a 
light source (heat source) using tiie output effidency 
control device array in Emtxxiiment 9. 

Rgure 30 is a view showing a stiiicture of an infra- 
red sensor in Embodiment 10 of the present inventk>n: 
55 (a) is a skie view and (b) is a view seen in a -x directx^n 
from a plane whk;h is parallel to a y-z plane and 
indudes a line *Kr. ' 

Rgiire 31 is a aoss-sectional view showing a struc- 
ture of a non-contact tiiennometer in Embodiment 1 1 of 
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the present invention. 

Figure 32 is a view showing a structure of a conven- 
tional optical modulator: (a) is a plan view and (b) is a 
cross-sectional view taken along a line K-K' in (a). 

Rgure 33 illustrates an optical modulation principle s 
of a conventional optical modulator. 

Figure 34 is a plan view of an array of diffraction- 
type eiliptical mircolenses. 

Figure 35 is a view showing a structure of an optical 
modulator using an array of movable mirrors. io 

BEST MODE FOR CARRYING OUT THE INVENTION 

(Embodiment 1) 

15 

Figures 1(a) and (b) are a perspective view seen 
from, a lower surface showing a structure of an optical 
modulator in Embodiment 1 of the present invention and 
a ;%ide view thereof, and Rgure 2 is a cross-sectional 
vidw taken along a line A-A' in Rgure 1 . .20 

In the optical modulator of the present embodiment 
as shown in Rgure 1, a mircolens 3a as first focusing 
means and a mircolens 3b as second focusing means 
are formed on a first sur^ce which is a surface of a 
transparent substrate 1 made of glass or the like having 25 
a thickness of, for example. 2 mm. The mircolenses 3a 
and 3b are provided adjacer^ to each other, having the 
identical shape. . - 1 / \ 

A reflection-type output efficiency control device 2 

is formed on a second surface opposing the first surface 30 
of the transparent substrate 1, The output efficiency 

^cont'd device 2 is provided wil^ 
crowed point da vertical line to the plane (first surface) J 
on which tfie lenses are fbmied, extending from the 
cerrter of a straight li^^^^ 35 
3a to the center of the lens 31), and the plane (second 
surface) on which the output efficiency confrol device 2 
is formed. In other words, in tfie present embodiment, 
the output efficiency control device 2 is disposed right 
belqw the middle point b^een tfie mircolenses 3a and 40 

^.3b.:,.; \ . ^ . , v /■ ..^ 

^ri tfie presert ent)odiment drwia^ 
an aperture of 1 mm were used as tfie mircolenses 3a 
and'Sb. Such circular lenses may be produced by any 
„ method. In.tfie-present embodiment, a resist is coated 45 
on a substrate 1 . tfie substrate 1 is baked at a softening 
temperature of ttte resist or higher so as to cause tfie 
resist to fkjw. and tfie resist is fonned into a mountain 
shape by surface tension. 

In tfie present embodiment, altfiough circular mir- 50 
colenses are used, tfie shape of tiie mircolens is not lim- 
ited thereto. Fa example, rectangular or elliptical lenses 
cari be used. Furttiermore, a.drffraction-type mircolens 
or ari aspheric iens rriay be produced by a semiconduc- ' 
tor process sucli as photolitfiography, etching, and dep- ss " 
ositfon. Rgure 3(a) is a pian view showing an example 
of diffraction-type Iliptical mircolenses. Rgure 3(b) is a 
cross-sectional view of one mircolens in Rgure 3(a) 
taken along an x-z plane. A diffraction-type mircolens 



having a binary/mutti-level structure in the form of steps 
in cross-section as shown in Figure 3(b) can be mass- 
produced by repeat photolithography, etching/deposi- 
tion of tfiin films used in an ordinary semiconductor 
process. Therefore, mircolenses having outstanding 
mass-productivity and production precision can be 
obtained. 

For example, incident light 4 having a beam diame- 
ter of 0.9 mm is incident upon tfie mircolens 3a so tiiat 
an optical axis of tfie incident light 4 is at an angle of 61 
(eg.. 20.2") with respect to in a z-axis direction shown 
in Figure 1(b), travels through tfie substrate 1 while tfie 
optical axis tfiereof is at an incident angle of 9 (e.g.. 
13.3*), and is focused onto the output efficiency control 
device 2. Here, tfie incident light 4 is reflected (reflection 
angle: 6, e.g., 13.3*"). is collimated by tfie mircolens 3b, 
and is output as outgoing light 5 witti ttie optical axis 
being at an output angle of 61 (e.g., 20.2**). 

In tfie present embodiment a light-absorbing mem- 
ber 6 is provided in a regiori of tfie surface of tfie trans- 
parent substrate 1 otfier than tfie regions where tfie 
mircolenses 3a and 3b and tfie output efficiency control 
device 2 are formed. The light-absorbing member 6 was 
produced by coating a film which has a light-absorbing 
function witfi respect to a wavelengtti of incident light. 
e.g.. a ca*on or pfithialocyanine cornppund mixed witfi 
a polymer sudi as poiyimide and PMMA However, tfie 
staicture and merthpd for production of the fight-absorb- 
ing member 6 are not limited thereta The light-absorb- 
ing member 6 may be formed by vappr-depositing an 
organic film of a pigmertt or tfie Jke having a light- 
absprtjing effect witfi respect to a wavelengtfi of incident 

. Oght Such a iight-absprlMng member 6 has tfie effect of 
removing stray light in the substrate 1 arid from outside 

: <rf tfip 6ut«^ ,and irrprowng an ratio of tfie out- 
g^nglightS^^/^* '-^^ry^.-r-^^'^'^^ 

In tfie present entodimert. the light^orbing 
member 6 is also provided on tfie periphery of tfie mir- 
colenses 3a and 3b. Such a structure has tfie advan- 

;.tage of allqwirig orily tfie regions wHh,8atisfactory lens 

: characteristics to l3e used as first and second focusing 
means, without using tfie periphery of tfie mircolenses 
where tfie lens characteristics are generally likely to 
degrade due to tfie surface tension witfi respect to tfie 
substrate l.r-; - - - - 

The plarie stoicture of the output efficiency control 
device 2 is shown as a perspective view in Rgure 1 (a), 
and the output efficiency control device 2 has a size of, 
for example. 100 ^m x 100 jim. Hereinafter, referring to 
Rgures 2 and 4, tfie staicture and tfie production steps 
of tfie output efficiency control device 2 will be 
described. In tfie following description of the structure of 
tfie output effidency a (device 2, tfie staicture is 
described, seen from tfie reverse surface (second sur- 
face), of tfie substfate 1 . and tfierefbre, tfie vertical rela- 
tionship is opposite to tfiat in Rgure 2. ^ . . 
, Rrst ^ shown in^Rgure 4(a}. a fransparent con- 
ductive film' 7 which functions as a first electrode and a 
reflective film 8 are formed in ttiis order on one surface 
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of the transparent substrate 1. In the present entxxli- 
ment, a glass substrate with a thickness of 2 mm is i^ed 
as the substrate 1 . an ITO film with a thickness of 500 A 
is formed on the substrate 1 as the transparent conduc- 
tive film 7. and an Al film with a thickness of. for exam- s 
pie. 4000 A is fomied as the reflective film 8. 

Then, a resist mask (not shown) is formed on the 
reflective film 8, and the reflective film 8 is patterned to 
an appropriate shape by etching, whereby a first grating 
8a is formed as shown in Figure 4(b). Thereafter, as io 
shown in Rgure 4(c). an insulating layer 9 with a thick- 
ness of L2 is formed so as to cover the grating 8a. In the 
present embodiment, a SiOa layer with a thickness of 
0.086 fim was brmed as the insulating layer 9. The 
insulating layer 9 is used for preventing a short circuit is 
between the first grating 8a and a second grating 8b 
described later. 

Furthermore, a sacrifice layer 10 and a reflective 
film 8' are formed as shown in Rgures 4(d) and 4(e). In 
the present en^xxjiment a pdyimide layer with a thick- 20 
ness of 0.3 lun was formed as the sacrifice layer 10 and 
an Al film with a thickness of, for example. 4000 A was 
formed as the reflective film 8*. The sacrifice layer 10 
functions as a spacer layer. Then, a resist mask (not 
shown) is formed on the reflective film 8*. and the reflec- 25 
tive film 8' is patterned to an appropriate shape by etch- 
ing, wher^ a second grating 8b which fancti ons as a 
second electrode and an electrode 8c are formed as 
shown iri Figure 4{f). The second grating 8b is formed 
as a plurality of beams with both ends th so 
on the sacrifice layer (spacer layer) 1 0 aind electrically 
connected to the electrode 8c. Finally, the saaif ice 1^ 
1 0 fe removed. This aOows ia space with a distance of 
to be formed t)etween the second grating 8b and the 
insulating layer 9. ' \ ^ 

' > VVhen a victog applied between the first elec- 
trode 7 and the second electrode 8b. the second grating 
8b comes into contact with the SiOa layer 9 by dectro- 
static force. As a result the distance between the first 
and second gratings 8a and 8b changes. This enables 40 
even the output efficiency of incident light from the sub- 
strate 1 side to be controlled.- • 

A thk:kness Lg of the Si02 layer 9 and a distance L3 
In the space between the second grating 8b and the 
SfOg Ipypr 9 arft fipt m as ta satipfy Le-=,AyC4nCQSW r ^ 



2(b). Therefore, the phases become opposite in round 
travel, and reflected light beam disappears, whereby 
±1st order diffracted light 11a and lib are generated. 
That is, the intensity of the r^lected light 5 or the inten- 
sities of ±1 St order diffracted light 1 1 a and 1 1 b can be 
modulated; however, in the present embodiment, 
reflected light (zero-th (Mnder diffracted light) is paid 
attention to. and the reflected light is modulated. 

The optical modulator of the present invention 
focuses the incident light 4 onto the mircolens 3a. 
directs the incident light 4 onto the output efficiency con- 
trol device 2, collimates reflected light which is zero-th 
order diffracted light by the mircolens 3b, and outputs 
the collimated light as the outgoing light 5. This enables 
the efficiency of the outgong light to be modulated by 
using the output efficiency control device 2 with an area 
much smaller than beam diameters of the incident light 
4 and the outgoing light 5. In the output efficiency con- 
trol device 2 with a size of 100 ^m x 100 ^m produced 
as described dtbov6, the second grating 8b is not iikeiy 
to adhere to the Si02 layer 9 during the step of floating 
the second grating 8b. Thus, an output efficiency control 
device 2 can be produced with a good yield. 

Moreover, since the grating portion decreases in 
size, response speed can be inproved. 

Furthermore, in the opticai modulator of the present 
embodiment as de$cfa>ed above, the mircd enses 3a 
and 3b and the output effkaency control device 2 ar 
monolithically integrated on the front and reverse sur- 
faces of tfie transparent substrate 1. Thus, an optical 
'moduiatdr which is stable in terms of structure can b 
obtained. 

^ ' in the <^se where ihcidefil ligfit is focused onto the 
output efficiency control devk;e 2 by using a mircolens. 
it is required to dspose the outF^ efficiency control 
derice 2 exactly ctri the focal point of the mircolens. 
However, in the optical moddator of the priesent embod- 
iment, the distance t>etween the mircolens and the out- 
put efficiency control device 2 can be precisely set with 
ease only by presafoing the thickness of the transpar- 
ent substrate 1 iso as to correspdid to the focal length of 
the mircolens. Thus, assently can be conducted with 
good predskin * 

An output efficiency control device and focusing 
means for focusing incident fight onto the output effi- 



L3 = X/(4cosei) . where the refractive index of the Si(>2 
layer 9 is n (e.g...1.5) and the wavelength of the indctent 
light 4 IS X (e.g., 0.5 \im). Thus, under a stete whwe a 
voltage is not applied as shown in Rgure 2(a), the dis- 
tance between the frst grating 8a and the second grat- so 
ing 8b seen from the inckient light 4 side becomes a 1/2 
wavelength, and the phases of light are matched in 
round travel. That is, the output efficiency control devtoe 
2 functions in the same way as in a m\n& under no 
applicatkxi of voltage, and only the reflected light 5 ss 
which is zero-th order diffracted light is generated. On 
the other hand, the (fistance between the first grating 8a 
and the second grating 8b becomes a 1/4 wavelength 
under the application of a voltage as shown in Figure 



dency control device may be provkJed on separate sub- 
strates and then conrtMned. Furthermore, a 
conventional optical modulator and a ntircolens can be 
combined, although they cannot be integrated. 

Furthernrx>re. in place of the reflection-type output 
efficiency control devtoe used in the present embodi- 
ment, a combination of an output effidency control 
device wtiich functions in the forni of a transmission 
type Med&tiQ means such as a mirror, may be 
used with first and second focusing means such as mir- 
colenses. ' 

A device with a grafing stmcture utilizing diffraction 
is used as the output effid&icy control device in the 
present embodiment The output effidency control 
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device is not limited thereto. Any device which is capa- 
ble of controlling an output efficiency of light can be 
used. For exarrple, a movable mirror with a micro mirror 
structure capable of being controlled by electrostatic 
force may be used. 5 

Figure 5 shows a structure in cross-section of an 
optical modulator using a movable mirror as an output 
efficiency control device. In this optical modulator, a 
substrate 20 with a movable mirror 24 provided on one 
surface and a transparent substrate 22 with mircolenses 10 
3a and 3b as first and second focusing means provided 
on one surface are disposed in such a manner that the 
movable min-or 24 faces the mircolenses 3a and 3b. 
Each movable min-or 24 Is disposed right below a mid- 
dle point between the adjacent mircolenses 3a and 3b is 
in the same way as in the above-mentioned output effi- 
dejicy control device 2 with a grating structure, reflects 
lig^l.4 which is incident through the mircolens 3a. and 
oui|uts the light 4 as reflected light 5 through the mir- 
colensV3b. In the optical modulator with such a struc- 20 
tureT light modulation is conducted utilizing only the 
reflection of light. Therefore, there is an advantage in 
that the output, eff idency does not depend upon a wave- 
length of the incident light 4 and the device is easy to 
use. 25 

7(Eni)o^ment,^ j;! V'''^ 1 ' . [ 

J'FiQure 6 is a perspective view seen from a lower 
surface, showing a basic structure of an optical module- so '. 
tor of Embodiment 2 according to the present Invention. 
In Rgure $,.the same componerits as'thbse in Figure 1 '', I ' 
are denoted by the same reference numerals as those 
therein. arxJ the desa^on thereof will be omitted. 
; jlie cptol errtbodiment is 35 . 
diff^entirom that In the aboveSentioried Embodiment 
1 drily in the structures of the first focusing means for 
focusing light onto an output eff idency control device 2 
and sepond focusing means for outputting light from the 
butpwt :eff ider*^ control device 2: in Embodiment 1 , the 40 
cira|^j^^ as the first and 
seckxid : focusing mearis.; However, in the present 
emt;ibdlment. elliptical mircolenses 3*a and 3*b are pro- 
vide in such a manner that their major axes are adja- 
_ cenLtp_each other. ^45 

Each of the eilipticaf mircolenses 3*a and 3'b has a 
similar elliptical shape in which a cross-section in a 
thickness direction gradually becomes smaller. They 
are designed in such a manner that a size ratio of a 
major axis to a minor axis of an ellipsoid becomes so 
1/cosei . where 91 is an incident angle of inddent light 

As described above, the mircolenses 3'a and 3*b 
are designed so as. to have elliptical shapes in accord- 
ance wrth the incident angli ther*y aberration caused 
with respect to light which is obliquely incident upon the ss 
mircolens is reduced and ppti(^ modulation can be 
conducted satisfactorily 

In the present embodiment, the size ratio of a major 
axis to a minor axis of an ellipsdd was prescribed to be. 



for example. 1.22 at for example. ei = 35°. The device 
was able to function satisfactorily even at such a large 
incident angle. In particular, as the elliptical mir- 
colenses. diffraction-type elliptical mircolenses with a 
binary/multi-level structure as shown in Figures 3(a) 
and (b) are suitable in terms of production. 

(Embodiment 3) 

Ref ening to Figures 7 tiirough 1 0. a display appara- 
tus of Embodiment 3 according to tiie present invention 
will be described. In these figures, the same compo- 
nents as tiiose in Figures 1 through 6 are denoted by 
tiie same reference numerals as tiiose tfierein, and the 
description thereof will be omitted, 

Rgure 7 schematically shows a structure of a dis- 
play apparatus in the present embodiment Figures 8(a) 
and (b) are a top perspective view and a cross-sectional 
view showing a basic structure of an optical modulator 
in the display apparatus in Figure 7. Figure 9 shows a 
state where a driving circuit for driving output efficiency 
control devices is connected to the optical modulator in 
tiie.display apparatus in Figure 7. Rgure 10 shows ttie 
wavelengtfi dependence characteristics of zero-tii order 
diffraction eff idency (output eff idency of reflected light) 
of the output efficiency control .device, jn the present 
' embodimient' ^' 'TJ^ v., IX,^'- .- 
; . As Shown in Figure 7, the display apparatus of tfie 
present invention has a light source 201, dichroic mir- 
rors 202a, 202b, 202c, 202d and 202e. three optical 
modiJators 203a,.?03b^^^ and a 

projection lens MS: wWch onto a 

screen. The light source 201 is a white light source such 
as a m^ halide lamp and a xenon .larrip.: White light 
^ enriitt^ from the light source . 201 is split into blue light, 
greeri light, and red- ligWby the didhroic mirror 202a, 
202b, and 202c which selectively reflect only light in a 
particular wavelength range, and the split light beams 
are incident the optical modulators 203a, 203b, 
and aWc. respectively provkled for the colored light 
beams. Here, the respective colored light beams are 
modulated iri accordance with an image to be displayed. 
Each modulated colored light beam is combined into 
one light beam by the dichroic mirrors 202d and 202e 
and projected onto a screen (not shown) by the projec- 
tion lens 205. 

Hereinafter, the operation of the display apparatus 
in the present embodiment will be descnl)ed. 

Light emitted from the light source 201 as colii- 
mated light is inddent upon tfie dichroic mirror 202a 
which selectively reflects blue light {e.g., light in a wave- 
length range of 0.41 to 0.49 (im). Here, only blue light B 
is reflected, has its direption changed by 90" to be ind- 
dent upon the optical moduiator 203a. the optical mod- 
ulator 203a is.switched on a pixel bads , by a control 
drcuit (not shown) and modulates incident light on a 
pixel basis. Thus, pixels outputting reflected light which 
corresponds to zero-tti order diffracted light and pixels 
not outputting reflected light exist Modulated blue light 
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B* is incident upon thedichroic mirror 202e which selec- 
tively reflects blue light in the same way as in the dich- 
roic mirror 202a. The modulated blue light B* has its 
optical path bent at thedichroic mirror 202e and is com- 
bined with other light to be formed as an image on the 5 
screen (not shown) by the imaging lens 205. 

Among green light and red light transmitted through 
the dichroic mirror 202a, the green light G is reflected by 
the dichroic mirror 202b which selectively reflects green 
light (e.g.. ligfrt in a wavelength range of 0.5 to 0.6 \irr\), 10 
and has its direction changed by 90** to be incident upon 
the optical modulator 203b. Modulated green light B* 
has its direction changed by 90* by the dichroic mirror 
202d which selectively reflects green light in the same 
way as in the dichroic mirror 202b and is combined with 15 
other colored light beam to be formed as an image by 
the projection lens 205. 

The red light R transmitted through the dichroic mir- 
ror 202b has Hs optical path bent by 90*" by the dichroic 
mirror 202c which selectivdy reflects red light (e.g., light 20 
in a wavelength range of 6.6 to 0.7 pir\), is incident upon 
the optical modulator 203a and spatially modulated. 
Modulated red light R' has its optical path bent by the 
mirror 204 and is formed as an infiage by the lens 205. 
As a result a color image with three primary colors 2S 
mixed therein is formed on the screen. 

In each optical moduialDr, as shown in Figures 8(a) 



be 0.55 pm, and the design wavelength of the optical 
modulator 203c for red light was prescribed to be 0.65 
fim. 

As shown in Rgure 8(b). each optical modulator is 
disposed in such a manner that, light 4 which is incident 
from the corresponding dichroic mirror is incident 
obfiquely with respect to the optical axis of the mircolens 
3" and output from an adjacent mircolens obliquely with 
respect to the optical axis thereof at the same angle as 
the incident angle. Furthermore, in each optical modula- 
tor, the arrangement interval between the output effi- 
ciency control devices 2' arranged adjacent to each 
other is prescribed to be equal to the arrangement inter- 
val between the mircolenses 3" an^nged adjacent to 
each other, and an array of the output effidency control 
devices 2' and an array of the mircolenses 3" are 
arranged to be shifted from each other by a half of the 
arrangement interval in a direction in which incident light 
is titted (x-direction in i=lgure 8(b)). 

According to th^~^bove-mentidned arrangement, in 
the optical modulator of the present invention, a mir- 
Golehs, which is first focusing means allowing the light 4 
to t)e incident upon each output effidency control device 
2\ also functions as second focusing means which out- 
puts light 5 from the output effidency control device 2* 
ac^acent in the'x-direction. Thus, as descn'bed in the 
^bove-mentioned Embodin^ 1. the output effidency 



and (b), a plurafrty of fbcusirig means. e.g.; mircolenses 
3" with an apelure of 40 ion arranged in an array are 
formed on a first surface wMi is the surface of a trans- 30 ' 
parent substrate 1 . so as to be adjacent to each other at 
a period of, for example. 40 i[tm, and a plurality of output 
efficiency control devices 2" arranged ih^ an array are" ^ 
formed on a second surface of the transparent substrate 
1 oppc^ing the first surface at a period of. for example. 3s 
40 im-'lnthe pNresenft e^^ ^ ^ 

put effidency cbritrd device 2* was prescribed to be 20 
jifTix20iim. ' ' 

In the present embodiment light is also focused 
onto the output effidency control device 2' by the mir- 40 
colens: Therefore, the size of the output effidency con- 
trol dewce 2' can be rnade snwtfle^ : " 
the rriircolena As a result, miriQ for driving the output 
effidency contrd device 2' can be routed and a control 
drcuit can be formed on the periphery of each output 45 
^iciency control aevice Z', wnereoy dead space can be 
reduced. Thus, the apertwe ratio can be substantially 
increased to improve the Ttg^ utilization effidency. 

In each optical modulator of the present embodi- 
ment, the thickness of the Si02 layer and the distance in so 
the space (between the second grating and the SiOg 
layer) are optimized in accordance with a wavelength of 
incident light in the output effidency control device 
deso'S)ed'in Enrixxiimern 

control devices are arranged in an airay. More spedf i- ss 
caily, in die present embocfiment the design wav^ength 
of the optical modulator 203a for blue light was pre- 
scraped to be 0.45 ^m. the design wavelength of the 
optical modulator 203b for green light was prescribed to 



ocffitrbl device of tiie present inverition irequires two mir- 
obienses adjace^rrt to each other iri the x^lirection. In the 
case where mir^Ienses are arranged in an array in the 
optical modulator 6f ihe display apparatus, the number 
of the mircolenses is determined merely by adding the 
nurriber of the Output ef^^ in one 

odumn in a y^ir^tion to the number of tfie output effi- 
cie^ control device contained in the array 
^ - For example;^640 (xidirection) X 4^ 
oulj^ effidency cbntrol devices T sre required to be 
ananged in order to correspond to 640 (x-direction) x 
480 (y-direction) pixels. However, merely 641 (x-direc- 
tion) x 480 (y-direction) mircolenses 3** are required to 
be arranged. The rkte of increase in the number of the 
miFoofenses is pnly^.O^^ although the display 

apf^ratus of the pr^ent invention has a structure in 
which this adjacerrt;mircolenses are used in pairs, there 
is almost no increase in the number of mircolenses. 



Therefore, the display apparatus is easily produced. 

In the display apparatus of the present embodi- 
ment the optical modulator is produced by integrally 
fomiing the mircolenses 3" and the output effidency 
control devices 2* ananged in an array on the front and 
reverse surfaces of the transparent substrate 1. Thus, 
an optical modulator with a stable structure can be 
obtained. Iri;particular, the output effidency control 
devices 2' cari be positioned exactly on the focal 
pdnis of the mircolenses 3" by making the focal lengths 
of ttie mircolenses 3** coindde with the thickness of the 
transparent substrate 1. wh&dby satisfactory modula- 
tion characteristics can be realized. 

FurthernrK)re. in each optical modulator, a light- 
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absofting member 6 is provided in a region on the sur- 
face of the transparent substrate 1 other than the 
regions where the mircolenses 3" and the output effi- 
ciency control devices 2' are provided. In the present 
embodiment, the light-absort)ing member 6 was pro- 5 
duced by coating a film having a light-absorbing func- 
tion with respect to a wavelength to be used. e.g.. a 
cartjon or phthaiocyanine compound mixed with a poly- 
mer such as polyimide and PMMA. However, the struc- 
ture and method for production of the light-absorbing w 
member 6 are not limited thereto. The light-absorbing 
member 6 may be fonned by vapor-depositing an 
organic film of a pigment or the like having a light- 
absorbing effect with respect to a wavelength to be 
used. Such a light-absorbing member 6 has the effect of 75 
removing stray light in the substrate 1 and from outside 
of the substrate 1 and improving an S/N ratio of the out- 
going light 5. 

.^in the present embodiment, the light-absorbing 
member 6 is also provided on the perphery of each lens 20 
3" in a drcolens array. Such a structure has the advan- 
tage of allowing only the regions with satisfecfory lens 
characteristics to be used, without using the periphery 
of the mircolenses virfiere'the lens characteristics are 
generally likely to degrade due to the surtece tension 25 
with respect to the substrate i. 

Furtiemqr^^^ of the mircolens 3" is not 

" iimited to^a ; 
inay be used. Figure l llsbbws an a plurality of 
arranged rectangular mircolenses. As shown in Rgures 30 
11(a) to (c). it is understood that dead space is reduced 
to irnprove an apertgre ratio by varying the shape and ^ 
arre^hgemenlt of the mircSefis^^^ 

An anay of ellif^cal jnircoienses is effective in the 
casewhefeanin^ 35 
respe^tofee <H)ti are large. An example ! ^ 

of an array (jf elliptical mircolenses is shown in Rgure 
34. The use of elliptical mircolenses reduces abenation 
caused with respect to light whk:h is incident upon the 
mirwienses obnquely to tfie 6plk»l axes thereof, 40 
wh^^y; satisfactory opticai modQIafiipn can be con- : 
duded- jFiirthe^ the ell^'cal mircolens is prefera- 
bly ^igned in* such a manner that a size ratio cff a 
majS^ axis to a minor axis of an ellipsoid becomes 
1/cose 1 . where 61 is an incident angle of the incident 45 
light 4. 

In tiie case where circular lenses are used as the 
mircolenses 3". the mircolenses 3" can be produced, 
for example, by coating a resist onto the substrate 1, 
baking tiie substrate 1 at a softening tempemtore of the so 
resist or higher so as to cause the resist to flow, thereby 
forming tiie resist into a mountain shape by surface ten- 
sion. However, the dr^^^ lerises msy be produced by 
Another m^cd lenses 
produced by an brdinary semiconductor process such ss 
as photqrrthograjjhy, etching, and deposition, or 
aspheric lenses rnay be used as the mircolenses 3" 

In tfie display apparatus of the present invention, a 
driving circuit for driving an anay of the output efficiency 



control devices 2* of the optical modulator Is composed 
of a specifically designed IC 12, and tiie IC 12 is electri- 
cally connected to eledrode portions 2'a of each output 
efficiency control device 2* tiirough solder bumps 1 3. as 
shown in Rgure 9. Such a structure enables a stable 
device of a compact size to be obtained. In particular, 
tfie circuit for driving an array of tfie output efficiency 
control devices 2' is composed of a specifically 
designed IC. so tiiat tfie circuit is easily connected to an 
an-ay of tfie output efficiency control devices 2'. 

Furthermore, in such a structure, even when some 
solder bunps 13 are not satisfactorily connected to tfie 
output efficiency control devices 2\ tfiey can be easily 
repaired. This is because tfie transparent substrate 1 
and an an-ay of tfie mircolenses provided above ttie out- 
put efficiency control devices Z transmit light More spe- 
cifically, laser light such as YAQ laser light or COg laser 
light is irradiated to unsatisfactorily connected electrode 
portions from tfie qsper surface of the unsatisfactorily 
connected output ^idency control devices 2'. whereby 
tfie electrode portions are annealed to be repaired. 

Next, referring to Rgures 7 and 10, tfie relationship 
between tfie modutetion characteristics of each optical 
modulator and tfie order in which colored light beams is 
split from the light source 201 will be described. 

The optical modulators 203a, 203b. and 203c of tfie 
. present embodiment ^re sp ectively have :.modulation 
" characteristics as shomi'nTpguresliO(^^^ 
and the inventors of the present invention found tfiat ttie 
extinction ratio to be modulated is likely to decrease as 
a wavelength becomes shorter. Therefore, afthough tfie 
ravelengtfi^l^^ inddent ttie opti- 

cal modutetctf- 203a itor B corresponding to blue light is 
supposed to be in the range of 0.40 to 0.50 \im (band- 
wkitti: Q.I Jim), it is firrBt^J to the ran^ example. 
. 0.41 to 0.49 |iun (banduvidtfr by tfie first dich- 

roic mirror 202a. By doing so; the modulation character- 
istics, in particular, tfie extinction ratio of tfie optical 
modulator 203a for B are improved. , 1 

However, when a wavelengtti .band!> fim^ an 
optical, &3wer clecreases.^^Therj^ the display appara- 
tus of tfie preserit en*x)diment overcomes tfiis problem 
by allowing light which exits from ttie light source 201 to 
be first incident upon tfie dichroic mirror 202a which 
selectively reflects blue light. This is because, when 
light passes ttirough a dichroic minor, even light witti a 
wavelengtfi in a transmitting range is nriore or less 
absorbed. 

The incident wavelengtfi bands of the optical modu- 
lators 203b and 203c for G and R were not particulariy 
limited but set to be ordinary values (bandwidtti: 0.1 
urn). However, in order to improve tfie extinction ratio, it 
is desirable that ttie.iTCide^ wayelength band of tfie 
optical modulator for G is sliglitiy iimitaJ^ range of, 
for ©rample. 0.505 tob.595 jim (bardwidtfi: 0^ |jm). In 
tfiis case, an opticd ,power can be prevented from 
decreasing due to.the band limit by disposirig ttie dich- 
roic min-or 202b corresponding to green light at tfie sec- 
ond position. 
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As described above, in the display apparatus of the 
present embodiment, considering the modulation char- 
acteristics of each optical modulator, the dichroic mir- 
rors which selectively reflect each colored light beam 
and the optical modulators are disposed. 5 

Furthermore, in the present embodiment, the dis- 
play apparatus using the optical modulator having an 
output efficiency control device with a grating structure 
utilizing the diffraction of light has been desaibed. How- 
ever, the present invention is not limited thereto. For 10 
exanple, an optica! modulator as shown in Rgure 35. in 
which movable mirrors 24 having a miao mirror struc- 
ture capable of being controlled by electrostatic force 
are arranged in an array, may be used. In this case, 
each movable min^or 24 controls outgoing light by utiliz- is 
ing only the reflection of light, without utilizing tiie dif- 
fraction thereof. Thus, in the optical modulator using 
movable min-ors. the modulation characteristics do not 
depend upon the wavelength of incident light. As a 
result three optical nmlulators are not required to be 20 
designed 80 as to correspond to a wavelengtii range of 
each colored light beam, and tiie optical modulators 
having the identical specification can be used. 

As described above, in the optical modulator of tiie 
present invention, the output efficiency control device 2s 
and the focusing means are used in combination. 
- theret^ an^area.of the ou^irt effideiKiy_control.device_i _ : 
can be ieduced. The 

realized, wfiich has a high response speed, is capable 
of miodLdaling incident light having a tei^ge beam diame- 30 
ter, and easily produced. Furthermore, the use of this 
optical modulator enables a projection-^e display ^ / 
apparafis With a^l^^ light utilization efficiency to be 
realized. ' ; = ''' ' 

{Embodiment4) ^ ' [ ' T . ' i 

Stifl anotiier ehtxxlimefit of the output efficiency 
control device of tiie present invention will be described 
by describing an infrared sensor to which the output effi- 40 
ciency control device fe applied. " 

In EiTtiodirTiienIs 1 to 3. the grating of the output effi- ' 
ciency control device is in the form of a rectangle. In 
Embodiment 4, a trapezo'dal grating configuration is 
adopted. Hereinafter. Embodiment 4 will be described 45 



ure 13 and focuses light 107 which is incident upon the 
infrared sensor 100. The output efficiency control 
device 101 is disposed in tiie optical path of tiie light 
107 focused by the lens 105 so as to be tilted by an 
angle of 62 from a surface parallel to the surface to 
which the lens 105 is attached. The pyro-electric ele- 
ment 1 03 is disposed in such a manner tiiat at least part 
of light output from tiie output efficiency control device 
101 is incident upon tiie pyro-electric element 103. 

Rgure 14 is a plan view of the lens 105 shown in 
Figures 12 and 13. As shown in Rgure 14. in tiie infra- 
red sensor 1 00 of tiie present embodiment tiie lens 1 05 
is a diffraction-type lens which has an aperture in tiie 
form of. for example, a square and has. for exanple, a 
four-stepped cross-section. As shown in Rgure 14, in 
tiie present embodiment, diffraction gratings are formed 
into four corners of the square, whereby an area of tiie 
aperture of the fens is increased and light utilization effi- 
dency is improved. 

As shown in Rgure 12, tiie pyb-electric element 
103 generally has a rectangular Ishape t>ecause of its 
readiness of production and cost effidency. However, 
when incident light is focused, for example, by an ordi- 
nary drcular lens, a spot shape on the pyro^lectric ele- 
ment also has a drcular shape. Figure 15 shows an 
example of a spot shape on tiie pyro-electric element 
JQ3. .Figure15(a) shows tiie case.i^ is 
fbcused onto the pyiro-electric element using a conven- 
tional drcular lens. As is appareiit from Figure 15(a), 
four comer portion^ of tiie pyro-electric element 
become a dead space where light is riot incident so tiiat 
tiie entire pyro-electric element cannot be ^fectively uti- 

Rgtire 15(b) Shows a spot Shape in tiie case where 
tiie leris 105 is in the fpnrn of a rectangle a& in Embodi- 
ment 4.''A spot formed on tiie pyro-electiic element 103 
~ becorhes a rectangle whose size Is smaller tiian that in 
tiie case of using a drcular lens, as shown in Rgure 
15(b), and a pyro-electric element having a smaller area 
can be used, resulting in a decrease in cost More spe- 
cifically, the pyro-electric dement can be decreased in 
area 2S% by u^ng a rectarigular lens as a lens for 
focusing fight onto tiie pyrb-electnc element Sinultane- 
ously. it becomes pb^ible to allow fight to be incident 
upon the entire pyro-electric element whereby tiie level 



with reference to tiie drawings. 

Figures 12 and 13 are a perspective view showing 
a basic structure of an infrared sensor using an output 
effidency control device of Embodiment 4 according to 
the present invention and a cross-sectional view so 
thereof. An infrared sensor 100 of the present entxxli- 
ment has an output effidency control device 101. a 
pyro-electric elernent 103, and a lens 105. The output 
effidency control device 161 and the pyro-electric ele- 
ment 103 are accommodated in a housing 111, as ss 
shown in Rgure 13. The lens 105 is attached to an 
upper surlace of the housing 111. The lens 105 is. for 
example, a diffraction-type lerts with a square aperture 
made of silicon having a cross-section as shown in Rg- 



of an output signal from tiie infrared sensor can be 
inaeased by 25% or more tiian a conventional value. 

When a lens having a rectangular aperture is used 
as in Embodiment 4, a spot shape of fight which is ind- 
dent upon tiie output efficiency control device 101 
becomes a trapezoid as shown in Rgure 12. In tiie 
present embodiment, for exanple, the size of tiie lens 
105 is p3 nvn, the focal jengtii thereof is 6 mm, and the 
titt angle 62 is 45^ arid tiie output effidency control 
device 101 is disposed, for example, at a position in tiie 
middle between the lens 105 and tiie pyro-electric ele- 
ment i03. Thus, tiie spot shape is a trapezoid witii a 
side (lower side) closer t the lens 105 of 2.0 mm. a side 
(upper side) farther from the tens 105 of 1.2 mm. and a 
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height (z-direction) of 2.3 mm. 

Figure 16(a) is a plan view of the output efficiency 
control device 101 of Embodiment 4. and Figure 16(b) 
is a cross-sectional view taken along a line B-B' in Rg- 
ure 16(a). 5 

A substrate 121 of the output effidency control 
device 1 01 is obtained, for example, by thermally oxidiz- 
ing a Si wafer to form a thermal oxide film with a thick- 
ness of 0.1 fim. and depositing a silicon nitride film to a 
thickness of 0.2 jim by low-pressure chemical vapor io 
deposition (hereinafter, referred to as LPCVD) to form 
an insulating layer. A spacer layer 123, for example, 
made of a silicon oxide film doped with a large amount 
of phosphorus is formed on the substrate 1 21 . An elas- 
tic layer 125 is formed on the ^acer layer 123. In is 
Embodiment 4. the elastic layer 125 was formed of a sil- 
i(X)^^nitride film with its residual stress reduced. Beams 
1^'are formed by patterning the elastic layer 125 as 
shgwi. in Rgure 16(b). and upper reflective films 127 
. ar^%med on the beams 126. Lower r^lective fams 128 20 
are Ibrmed on the sitetrate 121. These reflective fflms 
127 and 128 are composed of. for example. Au, having 
a thickness of 0.1 jim. When focused infrared light 115 
is incident upon the output efficiency control device 101 
with such a structure, a spot 1 29 of incident light in the 25 
form of a trapezoid is formed on the output efficiency 

control devio B 101 assh ovvnih Fig ure 16(a). 

1^ shown. in Rgure 16(a), in.Embocfiment4. the 
. output efficiency confrol device 101 has a trapezoidal 
shape. This corresponds to the use of a rectangular 30 
lens which forms the light spot 129 in the form of a trap- 
ezoid shown in Figure 16(a) on the bu^ut effidency 
control device 101 . as desaibed above. In Embodiment 
4. as described above, the shape of the spot 129 has an 
juj^r a'de d mm Thus, 35 

the width in iie 

i^ng composed of beams parallel to each other as in a 
conventional output ' effidency control device, the 
nuiTtber'of the beams in a spot varies in the vidnity of 
ttejfljper side and lower side of the spot This results in 40 
^TOwnifeim upperand towerppsi- 

tibr^:As a result a rhodulation effidency decreases. In 
cor^st with the output effidency control device 1 01 of 
the present embodiment the number of the beams in 
the spot 1 29 is made constant by changing the period of 45 
the beams 126 fomting a grating in accordance with the 
shape of the spot 129. whereby a unifomi diffraction 
phenomenon is altowed to occur, fxeventing the diffrac- 
tion effidency from decreasing. 

Next refening to Rgure 17, an example of the so 
steps of produdng the output effidency control device 
101 will be described. In Figure 17, the same conpo- 
nents as those in Rgure 16 are denoted by the same 
reference numerals as those therein: the description 
thereof will be omitted. / ' 55 
. Rrst. a sulifr^e 121 with an insulating film formed 
thereon is produced. As a substrate, for example, a sili- 
con substrate or the like is used, in the present embod- 
iment, a silicon substrate was used and was thennally 



oxidized to form an oxide film having a thickness of 0.1 
^m, and thereafter a silicon nitride film having a thick- 
ness of 0.5 [im was deposited by LPCVD. 

Then, as shown in Rgure 17(a). a spacer layer 123, 
for example, made of a silicon oxide film doped with a 
large amount of phosphorus is formed on the substrate 
121, for exanple, by LPCVD. The thickness of the 
spacer layer 123 is given as X/(4cose2) , where X is a 
wavelength of light which is incident upon an output effi- 
dency control device. In the present embodiment, the 
wavelength X of incident light is prescribed to be 10 ^m. 
02 denotes a tilt angle of the output efficiency control 
device 1 01 with respect to a surface parallel to a surface 
to which a lens is attached, i.e., an angle at which light 
is inddent upon the output effidency control device. In 
the present embodiment 82 = 45^ as described above. 
Thus, in the present embodiment a silicon oxide film 
doped with a large amount of phosphorus was depos- 
ited to a tfiickness of 3.5 ion by LPCVD. 

Next as shown in Rgure 17(b). an elastic layer 125 
having a thickness of X/(4c(^02) is formed on the 
spacer layer 123. In the present embodiment a silicon 
. nitride layer whose tensile stress rentaining in the layer 
is reduced to, for exanple. 200 MPa or less by increas- 
ing the ratio of the content of silicon was fonned to a 
thickness of 3.5 Mm by Lpcy ^^ ..-.^fcr-n 
r.i:_i.Jtien;^r^ 
125. and the resist te exposed to light and developed, 
whereby a resist mask 131 is iformed as shown in Rgure 
.17(c). Then, the elastic J^er 125 is patlelrned by dry 
, etching to fonrj bean^ 126 and openings 132. Thereaf- 
ter, the resist 131is removed,i^ theipacer layer 123 
positfoned in the openings 132 and.under the beams 
126 is removed by isotropic wet etching using buffered 
hydrdluoric add. Thus, as s^own jn Rgure 17(e), the 
beams 126 are ffoated. As a resuitrbbtfi ends of the 
beams 126 are supported on the spacer layer 123. 

Rnally, a reflective film, for exanple, made of Au 
having a thickness of 0.1 \sm is vapor-deposited on the 
resultant sub^te. whereby, upper reflective fflms 127 
and lower reflective films 128,areformed as shown in 
Rgure 17(f). A grating structure cif the output effidency 
control device is completed in tiie above-mentioned 
steps. 

The operation of the output effidency control device 
constructed as described above will be described with 
reference to Rgure 18. In Figure 18, the same compo- 
nents as those in Rgure 17 are denoted by the same 
reference numerals as those ttierein. The desaiption 
ttiereof will be omitted. 

The output effidency control device 1 01 of Embod- 
iment 4 is operated by turning on/off a voltage applied 
between the upper reflective tarns 127jand the substrate. 
121. Rgure 18(3) shows a state where a voltage is not 
. applied between the uppar'reflective fflms 127 and the 
substrate 121 , and the beams 126 are ftoated and an air 
layer 137 is formed between the beams 126 and the 
substrate 121.. At this time, tfie difference in step 
between the surfaces of the upper r^lective films 127 
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and the surfaces of the lower reflective films 128 is set 
to be a value represented by X/(2cos62) . for example, 
assuming that an incident angle at which fight 1 35 to be 
modulated is incident upon the output efficiency control 
device 101 is a2 (see Figure 13) and a wavelength of 5 
the light 135 is X. 

For example, in Embodiment 4,62s45'*andX.=:10 
fim, so that the value is 7.0 iim. At this time, the differ- 
ence in phase between light reflected from the upper 
reflective films 127 and light reflected from the lower 10 
reflective films 128 becomes 2k in round travel, which 
corresponds to one wavelength, thereby the phases are 
matched. Thus, the output efficiency control device 101 
functions as an ordinary mirror, and the incident light 
135 becomes zero-th order diffracted fight 136 and is 1$ 
reflected to an incident side. 

Next as shown in Rgure 18(b). wh^ a voltage is 
applied between the upper reflective films 127 and the 
substrate 121, the upper reflective films 127 which are 
upper electrodes and the substrate 1 21 which is a lower 20 
electrode forms a capacitor interposing the air l^er 1 37 
and an insulating layer (not shown) formed on the sur- 
face d the substrate 121 /The upper reflective fi^^ 
are, fbr example, positively cf^ed and ttie sitetrate 
121 is, for example, negatively charged. Bectrostatic _2S 
attracting force is affected between the charges, so that 
the beanis 126.are.£^ side 1 

until It comes into contact unth the s^ the sub- 
strate 121. as shewn in Figitf€) j18(b). At ttiis time, the 
difference h step between the surfaces of the upper 30 
reflective iFHrns 127 and the surfaces of the lower reflec- 
tive filnns 128 is set to.be a yalu^ 
e g., 315 iiinri in Emlxxiiment 4. thus, the cte^ in 
phase 1)etween fight reflected from the sunlaces of the 
upper reflective fflms 127 and fight reflected from the 35 
surfac^ (4 the lower 128 becomes ic in" 

romd travi^ which corresponds to a half of a wave- 
length. Ther^e. these light beams disapear. As a 
result zero-th order diffracted light is ^minated. and 
diffracted other than zero-order diffracted fight is 40 
output For exanple, as; s^ Fiqutb 180b), when a 
\ft}ltage is ^ied between the uppk ^ 
and the substrate 121, ±1st order diffracted light 138a 
and 138b are generated at a diffraction efficiency of 
41% . respectively. 45 



output efficiency control device 101 in Embodiment 4. in 
particular, the setting of a period of the grating will be 
described. In tiie infrared sensor 100 of Embodiment 4, 
focused light is incident upon the output efficiency con- 
trol device 101, in place of collimated light. Therefore, 
the inventors of tfie present invention found the follow- 
ing: almost 100% zao-th order diffraction efficiency is 
obtained at the center in the y-direction in the grating 
portion of tiie output efficiency control device 1 01 (when 
a voltage is not applied); however, an incident angle is 
tilted as shown by an angle p in Figure 16(b) on the 
. periphery in the y-direction, so tiiat tiie diffraction effi- 
ciency gradually deaeases. Fbr the same reason, when 
a voltage is appfied. the zero-th order diffraction effi- 
ciency increases from 0% on the periphery of the grat- 
ing, and tiie modulation effedency of the light amount 
decreases as a whole However, the inventors of tiie 
present invention found the following: when a period A 
of the grating is 7 times or ntore the wavelength X of tii 
Incident fight (Alk^ 7), the decriease in diffraction effi- 
dency is small even in tiie case where light is obliquely 
Incident and tiie incident light as focused light causes 
no problem in the infrared sensor 100. Therefore, in 
Embodiment 4, the minimum period A in the C portion of 
Figure 16(a) is s^ to be, for example, 70 ^m. 

Furthermore, as described above, in Embodiment 
.4,^the peiiod AXthe grati^^ in accordance 

wrth the shape of the spot of incident light More specif- 
ibalfy, assunung tiiat the focal length of , the Jens 105 is f 
arid tiie lengtii of one sidejof tiie square lens 105 is L. 
the period A of the (grating in tiie D portion in Figure 
16(a) is prescribed^;,..; to. : to at least 
{2f + Ltdne^)/(2f - Uaie2) times the period A in tiie C 
portion. Fbr example, iri Erribddiment 4. since f = 6 mm, 
L » 3 nvn. and 02 s 49', the period A of the grating in ttie 
b portion is presori>ed to )^^^ or niore which is 

1.67 tinies the period A in the C portion. . 

As descn1>ed above, according to tiie structure of 
the output effidency control device 101, diffraction was 
performed, ur^fbmily at any portion of Ihe grating with 
respect fo ia light spot ip the fQiiri of, a trapezoid, and 
high nioidulation effidem^ wasj^^ 

In tiie conventional output eff idency control devic 
shown in Rgures'32 and 33,Ttiie difference in step 
_between_the surfaces_ofJhe_uDoer_re^lectivejllros_aod 



Actuafiy. in the vicinity of portions (C portion and D 
portion in Hgure 16(a)) at both ends of each beam 126 
supported cm tiie spacer layer 123, the beams 126 are 
not completely attracted to tiie substrate 121. There- 
fore, as shown in Figure 1 6(a). tiie beams 1 26 are made so 
longer tiian the spot 1 29 of inddent fight in a fongitudinal 
direction, theret}y light is prevented from entering ttiese 
iricomplete operation portions so as to prevent ttie mod- 
ulation ratio from <*ecrea^ 

According to the above-mentioned operatioa in tiie ss 
output effffii^icy control device 101 of Embodiment 4, it 
is possible to modulate the irirtensity of zero-th order dif- 
fracted fig^ by turning on/off an appfied voltage. 

Next the configuration of a grating portion of tiie 



tiie surfaces of ttie lower rdlective f ilrris is changed from 
1 /2 of a used wavelengtii to 1/4 thereof, and tiie inddertt * 
angle is prescribed to be 0°, i.e., fight is made to be ver- 
tically incident whereby incident light is modulated. 
However, in such a structure, since light was made to be 
vertically incident upon the output effidency control 
device, it was difficult to separate zero-th order dif- 
fracted fight frpm tiie^inddent light, and therefore dif- 
fracted fight other than zero-th order diffracted light was 
utilized as outgoing light Thus, tiie fight utilization effi- 
dency was extremely low. In ttie above-mentioned con- 
ventional output eriidency control device, the inventors 
of tiie present invention found ttie following: vvhen light 
is made to be obficfuely incident upon the output effi- 
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omitted. 

Rgures 19(a) and (b) are a top perspective view 
and a cross-sectiona! view of an optical modulator in the 
display apparatus of the present entxxJIment Figure 20 
shows a state where a driving circuit for driving output 
efficiency control devices is connected to the optical 
modulator in the present emlxxliment, and Figure 21 
schematically shows the configuration of a grating of the 
output efficiency control device of the present embodi- 
ment. 

As shown in Figures 19(a) and (b), the optical mod- 
ulator includes rectangular diffraction-type lenses 105' 
as a plurality of focusing means arranged In an aray 
and a plurality of output efficiency control devices lOr 
arranged in an array at the same arrangement interval 
(period) as that of the diffraction-^ lenses 105*. The 
array of the diffraction-type lenses 105' is formed on the 
upper surface of a fransparent substrate 121a. as 
shown in Figure 19(b), and the array of the output effi- 
ciency control devices 101* is formed on the lower sur- 
face of the transparent substrate i21a. i.e., a surface 
opposing tiie surface where the diffraction-type lens 
array is fomied. In the present embodiment diffraction- 
type lenses (one iside: 40 \ijm) each having a square 
aperture and a four-stepped cross-section are formed in 
an array at a period of 40 |im on the upper surface of a 

_ ^i ass sub strate haying a thidcnessb^^ mni^'and tiie out- 

ing the modulation efficiency. Thus, a^ M efficiency confrddevicesi 01 '(s^^^^ 

ized infrared sensor with high light utiiization'efficienty are formed on the lower surface at a period of 40 \sm. 
and high sensitivity can be provided by using the output so Furthemwre, in ttie' present entbdiment diffraction 
efficiency control devi<^. . . gratings are formed irito four comers of a 

. . . "same way as in Erpbcdiment4;^M^ 

lens for focusing inddert light orito tfie output efficiency lens aperture portion is increased and fight utilization 
control device has a rectangular apature^^ efficiency is improved, 

figumtibn of the gratis 35 Furth^more;^ !^ 

accordance with |hie diape of a'spbt of fight to be 105* and tiie au^sy 'bf the oulpirt efficiency control 
focused is descnlied. However; the shape of the lens devices lOV are disposed so as to be shifted from each 
and tiie configuration of the grating are not limited otherbyahalf of the arrangement Hiterva! in a direction 
thereta Even vvhen a lens has an aperture having (x-direction in Embodiment 5) in wWch inddent light is 

. anotiw shape in which the number of beams in a spot 40 tilted witti respect to optical axes of the diffraction-type 

lenses 105', Jn 'otfier words, each of output effi- 
differlht, no problem is caused by setting tfie configura- ' dency control devic^ 1 01 ' is disposed' right below the 
Pl.^e flrating in accordance with the shape of the middle point of a straight line connecting the centers of 
spoti=urthermore, tiie period of tfie grating is not partic- two diffraction-type lenses 1 05' adjacent to each other 
ulariy required to change in its longitudinal directfon 45 in tiie x<iirection. Thus, in the present embodiment in 
according to a linear finction. A function representing the same way as in Embodiment 3, the diffraction-type 
an appropriate configuration in accordance witti the lens 105* for focusing incident light 135 onto one output 
shape of a spot of incident fight on the output eff idency effidency control device 1 01 ' also fwictions as second 
control device should be appropriately selected. focusing means for cdlimating outgoing light 136 from 

50 another output effidency control device 101* adjacent in 
(Embodiment 5) the x-direction and outputting it The rectangular diffrac- 

. . tion-type lenses 105' are mass-produced, for example, 

. . , Neja a display appawa^ Ijy repeat photolithogr^apfV, WkJ eteNng/deposrtion of 

ing to the presierH ihvef^ ttiinfilms. ' ■ 

playart)aratus ofth presertembodiiri^rTt has a similar ss ' Unlike En^odimem 3, the i«e of tiie array 0^ 
structiire to that of the <fisplay apparatus desaibed in rectangular lenses 105' makes it umec^ry to pro- 
Embodiment 3. except that tiie structure of an optical vide a fight-absorbing merrtbef on the surfece of tiie 
modulator is dffferent. Therefore." the description of a subsb-ate 121a on which tiie lenses 105' are provided, 
schematic structure of the display apparatus will be For example, in tfie case where circular mircoienses 



ciency control device by tilting tiie output effidency con- 
trol device in order to utilize zero-th order diffracted light 
the difference in phase at a time of driving does not 
become an appropriate value, so ttiat tfie modulation 
efficiency deaeases. 5 

In contrast in tfie output efficiency control device of 
Embodiment 4, tiie difference in step between tiie i^Dper 
reflective films 127 and the lower reflective films 128 is 
set to be >./(2cose2) and X/(4cose2) , respectively, in 
accordance witfi tiie value of inddent angle 92. w 
Because of this, zero-tfi order diffraded light becomes 
capable of being easily separated witfiout decreasing 
the modulation effidency. 

As described above, in the output efficiency control 
device of the present embodiment a uniform diffraction is 
effect can be obtained in ttie grating portion, and modu- 
lation characteristics do not degrade partially The con- 
figlrt^tion of tfie grating (tiie difference in step between 
tiie|ipp^ reflective films and the lower refledive films, 
tiie ;period of beams, etc.) is designed in accordance 20 
witii'the conditions under which light is incident upon the 
output effidency contrd device, i.e.. an incident angle, 
tiie shape of a spot which the incident light forms on the 
grating, and the like, whereby light is allowed to be ind- 
dent upon the output effidency control device obliquely, 25 
not verticafiy As a result zero-tti order diffracted fight 
oan^ t^^ wrttiout 



16 



31 



EP0 801 319 A1 



32 



formed on the substrate are used as focusing means as 
in Embodiment 3. it is preferable that a light-absofbing 
member is provided on the periphery of the lenses so as 
not to allow light to be inddent upory the periphery of the 
lenses where the characteristics are likely to degrade 5 
due to the surface tension with respect to the substrate. 
However, since the diffraction-type lenses are used in 
the present entxxliment. it is not required to provide a 
light-absorbing member. 

As desaibed above, in the present embodiment, 10 
the rectangular dffraction-type lenses 105* are used as 
focusing means for focusing incident light onto the out- 
put efficiency control devices 1 01 Therefore, the shape 
of a light spot formed on the output efficiency control 
device 101* becomes a trapezoid, and in the case of is 
using the output effidency control device whose grating 
period is constant as in the above-mentioned Embodi- 
ment 3, a uniform diffraction effect cannot be obtained. 
Thus, in the present embodiment, the grating period of . 
' the output effidency control device 101 ' is changed in 20 
accordance with the spot shape of incident fight 
>A^ereby the conTiguration of the grating is made a trap- 
ezoid as shown in Figure 21. 

A plane conTiguration of the grating is designed as 
desaibed in the above-mentioned Embodiment 4. For 25 
example, the lengths of beams are prescnised in such a 
:nianner_that Jght_^4K)t J^^ 
vidnity of both ends of the bean^ wh^j? beams are 
not'coriipletefy attracted to the substrate side. Because 
of this, the deaease in modulation ratio caused by fight 30 
Which is incident upon incomplete operation portions of 
the output effidency control devices 101' can be pre- 
venteNd/AperiodAd^ 

' 7 times br hfiore a wavelength X of incident fight (A/X z 
7). Furthermore, assuming that the diffraction«type l&ts ps 
105* b a square'tens^w^ of L and its 

focal length is t the grating period is set in such a ma^ 
ner that the grating period at a position con-esp^ 
a lower side of a trapezdd of a spot of inddent fight 
becomes at least (2f -1- Ltane2)/(2f - Uan62) times or 40 
mae a period at a position con-esponding to an ipper 
side of the trapezoid. By designing the plane configura- 
tion of the grating as desaibed above, diffraction is uni- 
formly conducted at any portion of the grating and high 
modulation effidency can be obtained even in the case 45 



112 is connected to electrode portions 101 'a of the 
respective output effidency control devices lOr 
through solder bumps 113 as shown in Rgure 20. Such 
a structure enables a stable device of a compact size to 
be obtained. 

Furthermore, in such a structure, both the transpar- 
ent substrate 1 and the diffraction-type lens array dis- 
posed on the upper suriace side of the output efficiency 
control devices 101' transmit light. Therefore, even if 
some solder bumps 1 1 3 are not satisfactorily connected 
to the output effidency control devices 1 01 they can be 
easily repaired. More specifically, laser light from YAG 
laser, CO2 laser, etc. is irradiated to the unsatisfactorily 
connected electrode portions from the upper suriace of 
the unsatis^ctorily connected output effidency control 
devices 101*. whereby the electrode portions are 
annealed to be connected to the solder bumps 113. 

. In the cfispl^ apparatus pf the present embodi- 
ment the rectSMigular diffraction-type lenses 105* focus 
light onto the output effidency control devices 101'. 
Thus, the size of the output effidency control devices 
101 ' can be made smaller than those of a beam diame- 
ter and the diffraction-type lenses 105'. As a result on 
the periphery of each output effidency control device 
101*. wiring (induding[ the electrode portions 101 'a) 
required for driving the output effidency control devices 
.lOl^caui be routed an^ formed, 
thereby dead ^ce can be reduced. Thus, the aperture 
ratio ark^ ligk utilization efficiency can be substantially 
improved. .1^:- ',,l:,^v' v -- ■.' 

Furthermore, in tiie present embodiment the plane 
configuration of a gratir^ portion of the output effidency 
control devices 101' , Is a trapezoid. Therefore, com- 
pared witfi the case whWe a grating configuration in 
vvhich beams are paraHel to each other is adopted, dead 
spiace can be reduc^^^ it is niore effective to 
improve the aperture ratio and light utilization effidency. 

(Embodiments) 

Referring to„Figure ^22, Ian infrared sensor of 
Enibodiment 6 according to the present invention will be 
described. [' I 

The infrared senscn- of Embodiment 6 is different 
from that of Embodiment 4 only in the staicture d an _ 



oi using a lens KKming a trapezoidal spot as mising 
means. 

The output ^fidency control device 101' used in 
the present embodiment has ttie same structure as that 
of the output effidency control devices in Embodiments so 
1 and 3. except for the plane configuration of a grating. 
Thus, the output effidency control device 101' is pro- 
duced in almc^ the same production steps as those ^ 
desaS>€d in En^^ ■ " - - = 

In the present entediment a driving dra^ 55 
ing the output effidency control devices 101' is also 
composed of a spedfically designed IC 1 1 2. Theretore, 
the output efficiency control device array can be easily 
connected to the driving drcuit The driving drcurt IC 



output effidency contrd device. Therefore, in the follow- 
ing description, the description of a schematic structure 
of tiie infrared sensor wiO be omitted and only tiie output 
efficiency control device will be described. 

Figure 22 is a view showing a structure of an output 
efficiency control device of Embodiment 6: (a) is a plan 
view and (b) is a cro^-sectional view taken along a line 
E-E' in(a). _ : . 

! As shown in Figure 22(b). an output effidency con- 
trol device 190 of Entodiment 6 has a sii}strate 192. 
and a reflection-type grating is famed thereon. The 
substrate 192 is pfbduoed, for example, by thermally 
oxidizing a Si substrate to form a thermal oxide film with 
a thickness of 0.1 ^m. depositing a silicon nitride film to 
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a thickness of 0.2 by LPCVD. and forming an insu- 
lating layer. A spacer layer 193, for exanple, made of a 
silicon oxide film doped with a large amount of phospho- 
rus is formed on the substrate 192. An elastic layer 194 
and beams 195 formed by patterning the elastic layer 
194 to a predetermined shape are provided on the 
spacer layer 193. The elastic layer 194 is. for example, 
made of a silicon nitride film with its residual force 
reduced. Upper reflective films 196 are formed on the 
beams 195. Furthermore, lower reflective films 197 are 
formed on the substrate 192 through openings 199 
which are simultaneously formed with the beams 195. 
"me reflective films 196 and 197 are. for example, made 
of Au having a thickness of 0.1 pm. 

In the output efficiency control device 190 with such 
a structure, incident focused infrared light 191 forms a 
spot 198 having a shape as shown in Figure 22(a). 

'JAs Is understood from Rgure 22(a), the output effi- 
cienby control device 190 of Embodiment 6 is different 
frdm^the output ceffldency control device of Embodiment 
4shownin Rgure 16 in the plane configuration of a grat- 
ing formed by the beams 195 and the openings 199. 
The output efficiency tontrol device 1 90 of Embodiment 
6 is characterized in that the period of the grating is 
made larger in the tongitudinal direction of the beams 
and the lengtfts of all the beams 195 are made equal. 
' Figure 22 -^tow^ case ^lere both, aids of the 
^ beams 195 gtirielfiositidhe^ 
on tfie identicsi point is'an exanSple of the output effi- 
ciency control device 190. 

In the output efficiency oontroi device of Embodi- 
ment 4/as fe und^^ i6(a), the lengttis ; 
<iif ffie beanis are riot^iiaL Theretore, the beams are ' 
attracted in decreasing order of iengtfi under the appli- 
cation of a voftagej^W^^^ return to an origiria! 
position in irk^^dng orid^^^ fehgfli when a voltage is ' 
turned off. As a re^iift. the transition tim^. i.e.. the rise 
and fall times of on/off of light become tonger. so that 
the driving frequency cannot be made high. For exam- 
ple, in the case where a high precision measurement is 
corrilipted wthin a short period IdF time by using an \ 
in^ed "s^risor ^^^^ control 
device, it is required to drive the output efficiency control 
devicie at ahigh speed. However, in the output efficiency 
control device of Emt)odimenl 4, the limit of a high- 
speed operation limits the precision of the infrared sen- 
sor. 

In contrast, in the output effidency control device 
190 of Embodiment 6. the lengths of all the beams 195 
are equal, so that the beams completely simultaneously 
operate when a voltage is turned on/off. This allows an 
operation of on/off of light to be performed within a very 
short period of time.^ As a result, the output efficiency 
control device caii drwen at a high frequency, and 
the infrared sensor using the output effidency control 
device 190 of Embbdimert 6 makes ]l pbss to con- 
duct a detection at a high precision. 

In Embodiment 8, for example, the case where both 
ends of the beams 195 of the output effidency control 
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device 190 are positioned on circumferences centered 
on the identical point. However, both ends may be on 
any cun^e as long as the lengths of tfie beams 195 are 
equal. For example, by disposing the center in the width 
direction of the respective beams 195 on either end on 
one straight line, the size of the output effidency control 
device capable of modulating a light spot of the same 
size can be decreased. 

In Embodiment 6. as an example of the infrared 
sensor, the output effidency control device in which tiie 
lengttis of all tiie beams forming the grating are tiie 
same has been described. However, the present inven- 
tion is not limited tfiereto. It is appredated that, for 
example, even in the case where tiie lengths of all the 
beams forming the grating are ttie same in the output 
effidency contrd device of the optical modulator of tiie 
display apparatus as described in the above-mentioned 
Embodiment 5, the same effect can be obtained. 



so (Embodiment 7) 



An infrared sensor of Embodiment 7 of the present 
invention will be described with reference to Rgures 23 
tfirough 25. The infrared sensor of Embodiment 7 is dif- 
ferent from that of Embodiment 4 only in the structure of 
an output effidency comroj device. ITi^^ tfie 
, descrqation of a sche matic stojctur e o f the infrared sen- 
sor will be omitted, and only the Sructure of the output 
effidency wntrol device will be descnl)ed, 

Rgtre 23(a) is a view showing a stmclure of an out- 
put effidency control device 200 of Embodiment 7: (a) is 
. a |3lan view arid (b) is a crbss-sectiond view^taken along 
a line FF in (a). As shown in Figure 23(b), the output 
effidenqr control device 200 . d B^^ 7 has a 
^ subsfete ;i2 a reflection-ty^^^^^ is fomied 
thereoTL Tlie substrate 221 is produced! for example, by 
thermally oxidizing a Si substrate:to form a thermal 
oxide fam witfi a thickness of 0.1 jim and depositing a 
silicon nitride film to a thickness of 0.2 pm by LPCVD, 
tfieretjy Ibmiing an insulating layer. First posts 222 are 
provided on the substrate 221. , The first posts 222 are 
fornied. for example, by depositing polyaystalline sili- 
con by LPCVD and patterning it. A spacer la/er 223, for 
example, made of a silicon oxide film doped witfi a large 
amount of phosphorus is provided on the periphery of 
tiie substrate 221. 

Furthermore, tiie output effidency control device 
200 has an elastic layer 224. and secOTd posts 225 and 
beams 226 formed by patterning the elastic layer 224 to 
a predetermined shape. The second posts 225 are pro- 
vided on the first posts 222. In Embodiment 7. the elas- 
tic layer 224 is composed of a silicon nitride film witfi its 
residual force reduced. Reflective fBms 227 are formed 
on the second posts 225, and reflective films 228 are 
fomied on tlie beams 226. Thes reflective films 227 
and 228 are, for example, made of Au, having a tiiick- 
nessof0.1 nm. 

Next, refemng to Figure 24, an example of tiie 
steps of produdng tfie output effidency control device 
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200 of Embodiment 7 will be described. In Rgure 24. 
the same components as those in Figure 23 are 
denoted by the same reference numerals as those 
therein. The description thereof will be omitted. Herein- 
after, ref ening to Rgure 24. the production steps will be 
desaibed in an orderly fashion. 

First a silicon substrate is. for example, thermally 
oxidized to form an oxide film having a thickness of 0.1 
tim, a silicon nitride film is deposited to a thickness of 
0.5 ^m. for example, by LFCVD to form an insulating 
layer, whereby a siA)strale 221 is produced. Then, for 
exanple. polyaystalline silicon is deposited, for exam- 
ple, by LPCVD. on the substrate 221 and patterned, for 
example, by dry etching, whereby first posts 222 are 
formed as shown in Rgure 24(a). 

For example, a silicon oxide film doped with a large 
anfx)unt of phosphorus is deposited on the resultant 
substrate 221. for example, by LPCVD. and a spacer 
layer 223 is fonrned as shown in Rgure 24(b). TTiereaf- 
ter. the spacer layer 223 is etched over the entire sur- 
face of the substrate 221 1^ dry etching, whereby the 
surface is made flat as shown in Rgure 24(c). The thick- 
ness of the first posts 222 and that of the spacer layer 
223 are prescribed to be X/{4cose2) ; e.g., 3.5 urn in 
Embodiment?. 

Then, a siliccm nitride film in which tensile stress 
re main ing i n the film is red uced t o, for cpanpl e. 200 
MPa or less by increasing the obnteht ifatib of silicon is 
formed, for exariiple, by 1J*CVD. whereby an elastic 
layer 224 is formed. Although the thid^^ of the elas- 
tic layer 224 is art^itrary. it is prescribed to be 2 ^m in 
Embodiment 7. Furthermore, as shown in Rgure 24(d). 
the elastic layer 224 ispaAehied to form second posts 
225 and beams 226. 

Next the spacer layer 223 is wet-etched from gaps 
between the second posts 225 and the beams i226. for 
exanple. with buffered hydroflubnc add, and the spacer 
layer 223 under the beams 226 is removed, whereby the 
beams supported at both ends are formed. Thereafter, 
a reflective fSm made of Au. having a tNckness of 0.1 
^nri is formed by vapCM* depration, whereby reflective 
films 227 and 228 lire fbrrhed. An output eff idency con- 
trol device 200 having a structure as shown in Rgure 23 
is completed in the above-mentioned steps. 

The operation of the output effidency control device 



200 constructed as 4esanbeA above will be descr&ed 
witii reference to Rgure 25. In Rgure 25, tfie same com- 
ponents as those in Rgures 23 and 24 are d&K>ted by 
the same reference numerals as those tiierein. The 
desaiption thereof will be omitted. 

The output effidency contrd device 200 of Embod- 
iment 7 is operated in accordance with tiie same prind- 
ple as that of the output effidency contrd device of 
Embodiment 4 by turnirig on/off a voltage applied ' 
between the reflective fOms 228 as upper electrodes 
and the subs^e 221 as a lower electrbda Rgure 25(a) 
shows a state wtiere a voltage is not applied. At this 
time, tiie beams 226 are floated, and the ref ledive fUvns 
-227 and 228 are oh the identical planed Therefore, ttie 



output efficiency control device 200 functions as an 
ordinary mirror, and incident light 231 becomes 
refleded light 232 and is refleded to an incident side. 
Next, when a voltage is applied between tiie upper 

5 electrodes 228 and the lower electrode 221. til beams 
226 are attracted to tiie surface of tfie substrate 221 by 
electrostatic attracting force until it comes into contact 
witii tiie surface of tiie substrate 221, as shown in Rg- 
ure 25(b), in accordance with tiie principle described in 

10 Embodiment 4. At ttiis time, tiie difference in step 
between tiie surfaces of tiie reflective films 227 and tiie 
surfaces of tiie reflective films 228 is set to be a value 
given by X./(4cose2) . In Embodiment 7, it is presaibed 
to be 3.5 ^m. A. is a wavelengtii of the incident light 231 . 

15 and 82 is an inddent angle of the incident light 231 ind- 
dent upon the output effidency contix)! device 200. At 
this time, the difference in phase betweeri light reflected 
from tiie surfaces of tfie reflective films 227 and light 
^ refleded from tfie surfaces of^the reflective films 228 

20 becomes n in rourid treivel whidi OOTresponds to a half 
of a wavelength. As a result rdf leded light is eliminated, 
and diffracted light ottier than zero-tfi order diffracted 
nght is output. For example, at tiiis time ±1st order dif- 
fraded light 233a and 233b as showri in Rgure 25(b) is 

25 generated at diffraction effidency of 41%, r^ectively. 
According to tiie above operation, in the output effi- 

dency control de vice 200 of Emtxxli rrient 7, th e inten - 

sity of reflected light can be modutafed by turning on/off 

' an applied voltage. j ; 

30 In the output eff idehi^ a>htrol device of the above- 
mentioned Embodiment 4, lij^ is modulated by a dif- 
fraction phenornenqn Ixjtfi^^u^ the application of a 
voltage and unddf rk) iappiicafibri'ol a voft^^ There- 
fore, diffraction effidency dedr^ses, for example, in tiie 

35 case where a wavelengtii band of fight to be modulated 

^ islarga However, in the ou^Hii i^^ 
200 of Embodiniem 7. modulatioh is CG^ 
fraction phenomenon in the same way as in Embodi- 
ment 4 under tiie application of a, voltage: however. 

40 almost 100% fight refleded from a mirror surface is out- 
put under no application of ^aTy(^ge.^^^ J^^^ the 
nwdulatioh ratio caiitKincri^^^ Furfher- 
mbre, according to the sbtjquire of yribodiment 7, the 
ttiickness of the elastic layer; ^24 can t}e arbitrarily 

45 seleded. so that tiiis tiiickness can be presaibed to be 
ttitn. As a result tiie distance b^ween the reflective 
fams 228 which function as upper electrodes and tiie 
sitetrate 221 which f unctiof^ as a lower electrode can 
be decreased, and energy required for deforming the 
beams 226 becomes smaller, so that a driving voltage 
can be decreased. 

As described above, in the output effidency control 
device of Embodiment 7, light is output as reflected light 
from a mirror surface, hot zero-tii oicler diffracted light 

55 under no application of a voltage, whereby a high mod- 
ulation ratio can be obtained even for incident light hav- 
mg a large wavelengtii band. Furthermore, tii 
thickness of tiie elastic layer can be made tiiin. so tiiat 
tiie device can be dnveri at a low voltage. 
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Herein, the output efficiency control device of the 
present embodiment is desaibed by exemplifying an 
infrared sensor However, the output efficiency control 
device of the present embodiment is not limited to an 
infrared sensor. For example, as described In Embodi- 5 
ments 3 and 5, the output efficiency control device of 
the present embodiment is applicable to an optical mod- 
ulator of a display apparatus. 



(Embodiment 8) 



10 



Referring to Figure 26. an infrared sensor of 
Embodiment 8 will be described. According to Embodi- 
ment 8, an infrared sensor is provided, in which an out- 
put efficiency control device can be decreased in size, a is 
pyro-electric element is not influenced even when an 
elertromagnetic noise generated from the output effi- 
ciency control device becomes substantially large, and 
wjffch hardly varies even when the distance between 
thViiensor and k light source (heat source) is relatively 20 
short and is capable of obtaining a high signal level in 
the case where a light source is relatively small. 

. , Rgure 26 is a viewjshowing a structure of an infra- 
red sensor 300 of Embodiment 8: (a) is a side view of 
the infrared sensor 300 and (b) is a view seen in a -x 25 
direction from a plane wfiich is parallel to a y-z plane 

^ includes a line G-G^^^^r, ^ : ;;; ' . 

sor 300 has anjoutput efficiency control device 342. a 
, pyro-electricdemert 343. a iens3^^ anda spacer 345 30 
which are accommodated in a housing 346. As shown 
: in .Rgu'e,26(?|).:te^ spacw 3^^^ determines an incident . \ . 
angle 62 wKen light frpnfi a poinif^j^ source (light 
source) 341 Is inddeiit upon the gutput effidency con- 
tol devtee 9^Jhe housing 34^^ fios entrance win- . 45 , 
doiv 347on:ite 347 ' 

is obtained, for example, by forming a bandpass wave- 
length fitter on a silicon substrate. 

The difference between the infrared sensor 300 of 
En*odiment8 and that of.EmbddinhBnt4 Oes in that the 40 
pu^irt leTde^^^^ disposed 
betiroen the light Wirce "Ml and t^ li^ 344. In this 
arrangement the lens 344 can be provided with an 
effect' as' an electromagnetic shield, for example, by 
forming the lens 344 of a corxluctive material. There- 45 
fore, particularly in the case where beams become 
shorter wrtfi the miniaturization of the output efficiency 
control device 342 and a driving voltage for deforming 
the beams becomes high, resulting in generation of an 
electromagnetic noise or the like, the pyro-electric ele- so 
ment 343 can be prevented from being influenced by 
the electromagnetic noise. In tiiis case, the lens 344 can 
be composed of Si. C3e, CteAs, InP.^GaR^ZnSe, ZnS, or \, 
the life.' Furthermore, theleris 344 may have a sur^ce " 
relief stnicture in ^CTO^ ss 
anwuntoftheiens.^' - ^ 

The lens 344 is dWgned so tfiat t^^ source 
341 is positioned at a distance d from the entrance win- 
dow 347. as shown in Rgure 26(a), not at an infinite dis- 



tance therefrom. According to this design of the lens 
344. the ratio of light which is focused onto the pyro- 
electric element 343 among light radiated from the light 
•source 341, the light utilization efficiency, and the level 
of a signal output from the pyro-electric element 343 are 
increased. The pyro-electric element 343 is disposed at 
a position which is shifted in an x-axis direction by Af 
from the position on which incident light is focused by 
tfie lens 344 as shown in Figure 26(a). Thus, light is 
made to be uniformly incident upon tiie pyro-electric 
element 343, thereby preventing light from being exces- 
sively focused in order not to irradiate only a partial 
region of the pyro-electric element 343 witii sti-ong light 
energy density. Also, tiie output of a signal from tfie 
pyro-electric element 343 can be prevented from 
decreasing. 

Furthermore, in Embodiment 8, the lens 344 has a 
rectangular shape so tfiat light is incident upon tfie 
entire surface of the pyro-electric element 343 for tfie 
same reason as that of Embodiment 4. Therefore, tfie 
shape of a spot of light on the output efficiency control 
device 342 has a direction opposite to that of ttie spot 
shape formed on the output efficiency control device of 
Embodiment 4. i.e.. the shape of a spot becomes a trap- 
ezoid which is narrow on a +z side. Therefore, the grat- 
. ing configuration of the output efficiency control device 
.342 has.a trapezoid al sha pe which is nantw on a 4-7 
, side as shown in Figure 26(b) for the same reason as 
tiiat ^.Embodiment 4. Thus, light in-adiated onto the 
output efficiency control device 342 can be uniformly 
diffracted. 

.The infrared sensor 300 in which each component 
is anranged as described above is operated in almost 
the same way as in the infrared sensor of Embodiment 
4. More spepifically, the outpi4 effiderK?x,a?rt^ device 
342 is drivel by turning on/off a voltage aipplied to tiie 
upper and lower electrodes of the output effidency con- 
ti-ol device 342, whereby tfie inddence or non-incidence 
of light to the pyro-electric element 343 is swrtched. This 
allows chopping of light to be achieved, and a signal is 
output from the pyro-electric element" 343, thereby It 
becomes possible to know ttie presence of the light 
source 341 , tiie intensity of light therefrom, and the Bke. 

In Embodiment 8, in the case where electromag- 
netic noise generated from the output efficiency confrol 
device 3(M) is substantially large and in the case where 
tfie position of tiie light source with respect to the infra- 
red sensor 300 is relatively constant and in particular, 
tiie size of the light source is small, ttie light utilization 
effidency is high. Therefore, an infrared sensor with a 
very high sensitivity can be provided. 

(Embodiments) 

, Refening to Rgures 27 through 29. tiie case where 
the output efficiency control device of Embodiment 9 of 
tfie present invention is used as an infrared sensor will 
be exemplified. The output effidency control device of 
Embodiment 9 becomes capable of two-dimensionally 
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measuring the intensity of infrared light for example, in 
the case where it is used as an infrared sensor. In the 
past, in order to twoKlim nsionally measure the inten- 
sity of infrared light, for example, pyro-electric bodies 
are arranged In a two-dimensional array, and a two- 
dimensional intensity distribution is obtained from the 
output information of the respective pyro-electric bod- 
ies. However, according to such a method, a number of 
pyro-electric bodies are required, greatly increasing the 
price. 

Figure 27 is a view showing a structure of an infra- 
red sensor 400 of Embodiment 9. As shown in Figure 
27, the infrared sensor 400 includes an output efficiency 
control device an-ay 453, a lens 452 for focusing incident 
light 451 onto the output efficiency control device array 
453. and a pyro-electric element 454 receiving light 
from the output efficiency control device array 453. and 
a spacer 455 determining an angle 62 at which the inci- 
dent light 451 is incident upon the output efficiency con- 
trol device array 453. The infrared sensor 400 of 
Embodiment 9 is different from that of Embodiment 4 
only in that the output efficiency control device array 453 
is used in place of one output efficiency control device. 
Therefore, only this point will be descrS)ed. 

Figure 28 is a view showing a stmcture of the out- 
put efficiency control device dmy 453: (a) is a plan 
view._(b)Js a cross-se ctio rial view tek en alon g a line H- 
H* in (a), arid (c) Is a csxis^^ viw taken along a 
line H' in (a); As is understood from Figures 28(a) 
through (c). the bi^ut efficieincy control device anay 
453 of Embodirnent 9 basically has a structure in which 
the output efficiency control devices of Embodiment 4 
are anranged in ah iartB){; - ^ - - ■ 

As shown in Figures 28(b) and (c). the output effi- 
ciency control device anay 453 has a substrate 461 on 
whicban array of gratir^ is p^^ 9, 
a silicon substrate oi which wiring (not shown) or the 
like for applying a voltage is fbnned is used as the sub- 
strate 461 . A spacer layer 463. for example, made of a 
silicon oxide film doped with a large amount of phospho- 
rus is formed on the periphery of the substrate 461 . Fur- 
thermore, an elastic layer 464. for exarhple. made of a 
silicon nitride f Om with its residual stress reduced to. for 
example. 200 MPa or less of ten^e stress is provided 
on the spacer layer 46 3. ' 



bias potential having a constant potential difference with 
respect to a voltage applied to tiiese lower electrodes 
468; for example, the upper reflective films 466 ar 
grounded. In the output effidency control device array 

5 453 having a structure as described above, a varying 
voltage, e.g.. 0 [V]. +30 [V] is applied to the individual 
lower electrodes 468, whereby the individual output effi- 
ciency control devices can be driven. 

Next, an example of means for measuring the two- 

10 dimensional intensity distnlxition of a light source (heat 
source) using the output efficiency control device array 
453 will be described with reference to Figure 29. Here, 
as an exanpie of the output efficiency control device 
array, an anay 473 in which 4x4 output efficiency con- 

15 trol devices are ananged is considered. For the purpose 
of dear description, as shown in Figure 29, a. b. c, and 
d columns from the left side and 1 , 2, 3. and 4 rows from 
above are used. Hereinafter, the two-dimensional inten- 
sity distribution of the heat source 471 having a two- 

20 dimenskmal intensity distribution, for example, as in a 
human txxiy will be successively described. 



(1) Only the output effidency control device in an a1 
portion of tiie ou^sut effidency control device array 
473 is driven to conduct optical modulation, 
whereby the intensity of, for example. Infrared light 
wftich is indderit upon the a1 portion is detected by 
ttiepyro-electrtcele^ ' 
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(2) Next, only tfie output effidenpy control device in 
an a2 portion is sinvlariy driven to conduct optical 
modulation, vk^ereby the intensity of infrared light in 
the a2 portion is detected. 

(3) Thereafter, the output efftdericy oonb-ol devices 
in a3 through d4 portions are suB:^&^i!ie^ driven in 
thesameway. 



According to the above procedure, the distribution 
40 of twoKfimensional infrared light int^isity can be 
detected as signal infbrnr^tion m time sequerice. not as 
- ir^tant information. For example, b 
.pyro-dectric element 474 which takes 5 nisec for 
' detecting a dgnal was used, therefore, for example, it 
45 was required to take about 1 .3 seconds foLObMnjOflA- 



Upper reflective films 466 and tower reflective films 
467 are formed, for example, by vapor-deposrting Au to 
a thickness of 0. 1 pm. Lower electrodes 468 are formed 
on the substrate 461 , as shown in Figures 28(b) and (c). 
The tower electrodes 468 are obtained, for example, by 
depositing a polysilicon film, whose sheet resistance is 
reduced to, for (example, 20 O • cm. by being doped with 
a large amount of phosphorus, to a thickness of 0.5 ^m 
on the substrate 461 by LPCVO> Mowed by patterning. 
The tower electrodes 468 are ooraiected to the above- 
mentioned wiring (rid shown) for a voltage application 
on the substrate 461 so that a vdtage is applied to the 
lower electrodes individually. The ipper reflective fHms 
466 which also function as upper electi'odes are at a 



screenful of information in an array composed of a 1 6 x 
16 device group. 

In the output effidency control devtoe array of 
Embodiment 9. a rectangular lens is used so as to 

50 obtain a two-dimensional intensity distribution in a rec- 
tangular region. At this time, tiie shape of a spot of light 
which is incident upon tiie output effidency control 
device array becomes a trapezdd for the same reason 
as that in Embodiment 4. Therefore, as shown in Rg- 

55 ures 27 through 29, the plane configuration d the output 
efTtdency control device anay is also prescribed to be a 
trapezoid. In this manner, the energy amount of light 
which is inddent upon the individual output effidency 
control device can be made constant by matching tiie 
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array shape with the spot shape. Therefore, an intensity 
distribution can be precisely measured. 

As desCTibed above, the infrared sensor of Embod- 
iment 9 Is a two-dimensional infrared sensor which is 
less expensive and very useful. In the case where it is 
desirable to inaease the number of output efficiency 
control devices so as to detect a large region or conduct 
detection with precision, or in the case where a long 
measurement time is shortened, it is considered that 
another plurality of infrared sensors described in 
Embodiment 9 are arranged and simultaneously driven. 

(Embodiment 10) 

Hereinafter, an infrared sensor of Embodiment 10 
will be descra)ed with reference to Figure 30. 

j^Figure 30 is a view showing a structure of an infra- 
redj^nsor 500 of Embodiment 10: (a) is a cross-sec- 
^ tionaj view and tb) is a view seen in a -x directi<m from 
a ptene which is parallel to a y-z plane and includes a 
linefJ-J*;^ . 

As shown In Rgure 30. the infrared sensor 500 has 
an. array 582 of a plurality of an-anged output efficiency 
control devices,.a pyro-electric element 583. a lens 584. 
and a spacer 585. which are accommodated in a hous- 
ing 586 provided witti an entrance window 587 on its 
_upper sufeca The ^ce^585 deternines an incident 
angle 62^ wfeh ligft'fram aTigfi sou^^ 
derrt upon an output efficiency control device aaay 582. 
The light souice 581has a Iwo^limensional intensity 
distribution with a relatively small area. In Embodiment 
10. a diffraclic^type leA^ 

substrate is used as tiie fens 584. As he enfrance win- 
dow 587, for exanple. a silicon sitetiate with a band- 
pass waveler^ filter term^ be used. As 
is understood from Fi#e 30. tfie ir^ sensor 500 of 
Embodiment 10 uses a plurality of output efficiency con- 
trol devices ananged in an array in the same way as in 
Embodiment 9, in place of one output efficiency cootrol 
dftrtce in the infrared sensor of Embodiment 8. 

J^lhe infrared seriw % blf Erhby^^ 10, in the 
same way as in the infrared' sensor of Embodiment 4. 
the lens 584 is^lisposed between the output efficiency 
confrol device array 582 and the pyro-electric element 
583, and the \ens 584 is made of. for example, conduc- 
tive silicon, thereby an electromagnetic noise generated 
from the output efficiency corrtrol device array 582 can 
be blocked. Furthermore, light utilization efficiency is 
high when a Oght intensity distribution in a relatively 
small region is measured, so that a two-dimensional 
intensity distn*bution can be measured at high sensitiv- 
ity. 

(En^odimentll) ' T'^^Z..'^ ^ 

^Hereinafter, referririg to Rgure 31, a, non-contact 
thermometer of Embodimerrt. 1 1 will be described. Rg- 
ure 31 is a view showing a sfructur^ in cross-section of 
a non-contact thermometer 600 of Embodiment 11. As 



shown in Figure 31. the non-contact thermometer 600 
has an output efficiency confrol device 641 , a pyro-elec- 
tric element 643. a lens 645. and a contact-type temper- 
ature measuring means 649 such as a thermo-couple. 

5 These are accommodated in a housing 646. As the out- 
put efficiency control device 641. any of the output effi- 
ciency confrol devices described in the above- 
mentioned Embodiments 4. 6. and 7 may be used, or an 
an-ay of a plurality of arranged output efficiency confrol 

10 devices as described in the above-mentioned Embodi- 
ment 9 may be used. Here, the non^ontact thermome- 
ter 600 will be described, exemplifying the case where 
the output efficiency confrol device of the above-men- 
tioned Embodiment 4 is used. In Embodiment 1 1 . a dif- 

15 fraction-type lens having a square aperture made of 
silicon is used as the lens 645. The non-contact ther- 
mometer 600 further has a shield 647. The shield 647 is 
attached to a surface of the housing 646 to which the 
lens 645 is attached in a mechanically movable manner 

20 and blocks infrared light 650 which is inddent upon the 
lens 645 from an object (not shown) whose temperature 
is to be measured. 

Hereinafter, a measurement principle of the non- 
contact thermometer 600 will be described with refer- 

25 ence to Rgure 31. Rgure 31 (a) shows a state where the 
lens 645 is shieWed with Ifie shield 647 and the incident 
infrared light 650 does n ot enter the rionnpontact ther- 
, nrxMneter 60p., At thfe time,, a signal generated in the 
pyro-elecfric element 643 by, operating the output effi- 

30 dency confrol device 641 c»rresporids to the tempera- 
ture of the shielcj W7, In Embodiment 11 , the contact- 
type temperature me^iririgrmeans (themio-couple) 
649 is disposed, for example, on an inner wall of the 
housing 646 alrxJ measures the temperature of the 

35 , hoising 646^ i^ l, - 

.. . In terms of principle; the cbntact-^e tenperature 
measuring means 649 is desirably disposed on the 
shield 647. However, as described later, in Embodiment 
11, the shield 647 is mechanically moved; therefore. 

40 when the contact-type temperature measuring means 
, 649 is disposed on the shield 647. they become conplt- 
cated in tenns of mechanism and its durability is 
degraded. Therefore, in Embodiment 11, the tempera- 
ture of the housing 646 Is measured as the temperature 

45 of the shield 647. Accontfing to the measurement by the 
inventors of the present invention, the difference in tem- 
perature between ttie shield 647 and the housing 646 is 
suffidently smaller than 0.1«C which is a precision of the 
non-contact thermometer 600 of Embodiment 1 1 . Thus. 

so the difference in temperature has no practical problem. 
Figure 31(b) shows a state where ttie lens 645 is 
not shielded witti the shield 647. Such a state can be 
... realized, _,for example, ^by. mamjaily sto^ shield 
647. At thfe time, the inddent infrared light 650 enters 

55 the non-contact tfiemiomrter 600 through the lens 645. 
and the intensity of ttie inddent infrared light 650 can be 
detected as a signal from the pyro-elecfric element 643 
by driving the ou^Dut effidency confrol device 641 in 
accordance with the prinqple described in Embodiment 
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4. In general, in the case where the radiation ratio of an 
object s constant, the intensity of infrared light output 
from the object Is proportional to the fourth power of the 
object temperature. Therefore, the temperature of an 
object (not shown) whose temperature is to be meas- 5 
ured can be calculated based on the measured signal 
intenaty, the intensity of a signal output from the pyro- 
electric element 643 in the state shown in Figure 31(a), 
and the signal detected by the contact-type temperature 
measuring means 649. 10 

As described above, in the non-contact thermome- 
ter 600 of Embodiment 11 . the incident infrared light 650 
is modulated by the output efficiency control device 641 , 
wherdsy the non-contact thernrtometer 600 can be min- 
iaturized and the power consumption can be is 
decreased. Furthermore. In the output efficiency control 
device 641. the output efficiency is modulated by a 
minute iteration of the beams as described in Embodi- 
ment 4. so that noise is not caused at a time of driving. 
In recent years, an eandaim thermometer, which meas- 20 
ures a body temperature by measuring the temperature 
of an eardrum of a human t>bcly in a "non-contact man- 
ner, has been developed. The non-contact thermometer 
600 of Embodiment 11 does not generate noise at a 
time of driving even when used for such a purpose. 25 
TTier^e. ttie hon-cbntacl thermometer 600 has a 

g reat ad va nta ge th at it d oes not involve any unple asant- 

ness vyfieri in use. '\ . ^ 

' In EnixxJiment 11. the case where the output effi- ; . 
ciency oontrdi device of the above-mentioned Embodi- 30 
meht 4 is used as the output efficiency control device 
has been described. However, it is appreciated that the 
butput eflkaeW corttrdi de^^ 
ment 6 or 7 a the output efficiency control device anay 
of Enrt)o<Snf)ent 9 may be used in accordance with the ss 
appiicafion! Rjr e)^mple, the use of the output effi- . 
ciency control device anay described In EnrtbocOment 9 
enables the two-dimensional temperature distribution to 
be measured in a non-contact manner, tt also appre- 
ciated that ttie arrangement of the lens and the output 40 
efficiency control device is applicable in accordance 
with ah object to be measured, as described in Embod- j 
ImentSorlO. 
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Furthermore, in the output efficiency control device 
of the present invention, the plane configuration of a 
grating portion is designed in accordance with the 
shape of a spot of inddent light formed on the output 
efficiency control device. For example, even when the 
spot shape of incident infrared light on the output effi- 
ciency control device becomes a trapezoid, the number 
of the beams included in the trapezoidal spot can be 
made constant in the upper and lower portions of the 
trapezoidal spot and a uniform diffraction effect can be 
obitained by prescribing the period of the beams forming 
the grating so as to vary according to a linear function in 
their longitudinal direction. Thus, the degradation of the 
modulation characteristics caused by non-uniform dif- 
fraction of light can be prevented. 

Furthermore, in the output efficiency control device 
of the present invention, the lengtfis of all the beams are 
prescn'bed to be equal. Becausia of this, all. the beams 
can be conpleteiy. simultaneously , operated when a 
voltage is allied or rembvei^. Therefore, driving of 
on/off d fight can be peribrm^ at a high speed, and 
driving at a high frequency becomes possible. Thus, in 
the case where such an output efficiency control device 
is appOed to. tor exanple, an infrared sensor, detection 
with high precision can be conducted within a short 
periodcftim& 

The out put efficiency co ntrol d evice having a grat- 
ing whose plane corifiguratioh is designed as described 
above oui also be applied tp the display apparatus of 
the pFe^rit invention. For exarrple, when a lens with a 
rect^gular aperture is used as the focusing means, the 
plane cpnfigurBtion of the grating of the output efficiency 
isontrpf devicb iri the optical modulator is designed to be 
a trapezoid in which the interval between the beams 
raries kqcon&ig to a linear function in their longitudinal 
direction: " " \ . '.^ _ ' . / . _ r ■;jr y v 

Furthermore. In the dise where the output effi- 
ciency control device of the present invention is applied 
to an infrared sensor, for e)^ple. even when the spot 
shape on the output effideincy control device becomes 
a trapezoid, using a lens hsn/ing a rectangular aperture, 
the modulatiori dwad^ from 
degrading by disposing the pj^^ control 
device between the tens and the pyro-electric element. 
In this case, a spot fomied on the pyro-electric element 



As described above, in the optical nxxlulator of the 
pres^ invention, the output efficiency control device 
and the focusing means are used in combination, 
thereby a light inradiation area on the output efficiency so 
control device is decreased and the output efficiency 
control device is miniaturized. Because of this, an opti- 
cal modulator can be realized, which has a high 
respons^^^iiH^ and capable of 

modulafing indent light having a large beam diameter, ss 
When such an optical rnodulator is ap()fied to a projec- 
tion^type display apparatus, a projection-type display 
apparatus haN^ng large light utllizatioh efficiency can be 
realized. 



"has-arrecrangiMfgfiapfe'^^ 
the case of using a lens having a circular aperture. 
Thus, tight is enabled to be incident upon the entire 
pyro-electric element and a pyro-electric element with a 
small area wOl suffice, so tfiat a cost can be reduced. 
Simultaneously, a signal level higher than the level con- 
ventionally obtained can be obtained. Therefore, an 
infrared sensor with an uttra-smail size and high sensi- 
tivity can be resized as a wtide. \ 

Alternatively, in an infrared sensor using the output 
effidency control device of the present invention, light 
output from the output effidency control device is 
focused onto the pyro^lectric element by using a lens, 
ther^ outgoing light from a point light source at almost 
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a constant distance from the sensor can be utilized at a 
high efficiency. Furthermore, by designing the lens so 
as to have a rectangular aperture and using an output 
efficiency control device having a grating with a plane 
configuration in accordance with a spot shape formed 
by the lens in such a structure, the area utilization effi- 
ciency of the lens is enhanced. Therefore, a miniatur- 
ized infrared sensor with high sensitivity for short 
distances can be realized. 

Furthermore, in the case where the output effi- 
ciency control devices of the present invention are 
arranged in a two-dimensional an-ay. when the light 
intensity distribution is different in a spot, for example, 
due to the trapezoidal shape of the spot, the total 
amount of energy of fight which is incident upon the indi- 
vidual output efficiency control device is made equal by 
pr^cribing the entire output efficiency control device 
array to be a trapezoid, in the case where a plurality of 
oul^ efficiency control devices are arranged in a two- 
dirirjehsional array and incorporated into an infrared 
sensibr as detscribed above, a two<iimensional infrared 
light intensity distribution can be detected as informa- 
tion in time sequence by successively operating the out- 
put efficiency control devices and successively 
detecting signals output from a pyro-eiectric element at 
that time, and a much less expensive two-dimensional 
infrared siensor can b^^^^ 

Furifier^^ 

the present invention can also be applied to a non-con- 
tact tiiermometer. In this case, first the output efficiency 
control device is driven in a state where infrared light is 
prevented from enteri^^ a .fiousihg of, the ron-contact, 
thermometer by udng a shjeid and a.signal generated 
from a pyro-iectric element is detected, while the tem- 
perature is 'measured by fe^ 
measuring means prwided in the hou^ng. Tliereafta^, 
the output efficiency oontnol device is driven and a sig- 
nal generated from the pyro-eiectric element is 
detected, in a state where the shield is opened so as to 
allow infrared light to entering the housing of the non- 
corriict 1^^^ ort the agriais generated 

' fformihe;pyro-ele<M: €^^^ in he above-mentioned 
two^gates and the temperature measured by the con- 
tact-§Tpe temperature measuring means, tiie tempera- 
ture of an object to be measured can be measured with 
remarkable predsion in a non-contact manner. 

Claims 

1 . An optical modulata comprising: 

output efficiency control means for modulating 
a light amourt of light which is incident there- 
uponf ■ ' ' ' ' 
first focusing me^ns for fbcusing tfie light orrto 
, the output efficiency control means; and 
second fbcuOTg means for outputting the light . 
' whose light amount is modulated by the output 
efficiency control means. 



wherein the first and second focusing 
means are disposed so as to oppose the output 
efficiency control means. 

5 2. An optical modulator according to claim 1 , wherein 
the output efficiency control means is a reflection- 
type optical element 

3. An optical modulator according to claim 1 , wherein 
10 the first focusing means and the second focusing 

means are formed on an identical surface of a sub- 
strate. 

4. An optical modulator according to claim 1, further 
15 comprising a transparent substrate having a first 

surface and a second surface opposing each otiier, 
wherein the first focusing means and tfie 
second fbcusing means are formed on the first sur- 
face of ttie transparent substrate, and tfie output 
20 efficiency control means is a reflection-type optical 
element formed on the second surface of the trans- 
parent substrate. 

5. An optical modulator according to claim 1 , wherein 
25 tiie output efficiency control means comprises: 

a transparent elecfrode wtiich functions as a 

first electrode, fbnmed on tiie second surface of 
the transparent substrate; . 
30 . a first grating formed on the transparent elec- 

trode; . : =. 

. .. 'a spacer^fayerfoimdon t^^^ elec- 
trode; and " 

a second grating composed of a plurality of 
.35 ^ . beams having a portion wtiich furictions as a 
second electrode, both ends of tiie beams 
being supported on the spacer fayer. 

wherein a distance between the trans- 
parent electrode and tiie second grating is var- 
« led by adjusting a voltage applied between tfie 

first electrode and the second^ electrode, 
thereby corifrolling an efficiency at which the 
light focused by the first focusing means is out- 
put to ttie second focusing means. 

45 

6. An optical modulator according to claim 5. wherein 
tiie output efficiency control means furtiier includes 
an insulating layer provided on the first grating. 

so 7. An optical modulator according to claim 3, wherein 
tiie first and second focusing means have an iden- 
tical shape, and 

, .wherein tfie output efTKaency cor^^^ 
is dsposed "with a certer 'ft^ positioned at a 

55 point of intersection of a line vertical to a plane on 
which tiie first focusing means and ttie second 
fbcusing means are fbrined. extending from a 
center of a straight line connecting a center of tiie 
first focusing means and a center of the second 
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focusing means, and a plane on which the output 
efficiency control means is formed. 

8. An optical modulator according to claim 3. wherein 
the first focusing means and the second ftxaising s 
means have a similar elliptical shape in which a 
cross-section in a thickness direction gradually 
decreases and are arranged in a major axis direc- 
tion thereof. 

TO 

9. An optical modulator according to claim 8. wherein, 
assuming that an incident angle of an optical axis of 
the light incident on the first focusing means with 
respect to a vertical direction of a plane on which 
the first focusing means and the second focusing is 
means are formed is e> a size ratio of the major axis 

of the ellipsoid to a minor axis is 1/cos6 . 

10. An optical nKxJulator according to daim 1, wherein 
the output efficiency control means is a movable 20 
mirror. 

11. An optical modulator according to daim 3, wherein 
the first focusing means and the second focusing 
means are diffraction-type mircolenses having a 2s 
binary/multi-level structure. 
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12. An optical nrx)dulator according to daim 5. wherein 
the first focusing means and the secqnd focusing 
rneans arb ^ijare lenses each haying' a re^ 

' lar aperture/and an inter>«l betWeen theplwalityof 
beams in the second grating of the output efficiency 
' controlnriear^ gradually increaseslh a 
diredion of the beams. 

1 3. An optical modulata according to daim 12, wherein 
a period of the gratirig increases accorcfing to a lin- 
ear function in a longitudinal direction of the grating. 



14. An optical irxxlulata acting to daim 12, wherein - 40 
lengths of tiie plurality d beams are equal in the 
second grating: > ^ V V 

1 5. An optica] modulator according to daim 12. wherein 
the first grating and the jsecond grating of the output 45 
effidency control means are designea m sucn a 



the wavelength of the incident light. 
17. A display apparatus compnsing: 
a light source: 

splitting means for splitting light emitted from 
the light source into a plurality of colored light 
beams having wavelength ranges different 
from each other; 

a plurality of optical modulators, provided in 
optical paths of the plurality of colored light 
beams, respectively, for modulating the plural- 
ity of colored light beams, respectively; and 
an imaging lens for imaging the plurality of 
colored light beams modulated by the plurality 
of optical modulators, 

wherein each of the plurality of optical 
modulators includes: 

a plurality of output efficiency contrd means 
; arranged irt ^an array; lor rnodulating a light 
amount bf con-espondincl cdored light beam of 
the plurality of colored light beams; and 
focusing means having a plurality of focusing 
elements arranged in an anay. the conrespond- 
ing colored light beam is inddent upon the 
focusing means in ia direction oblique to an 
optical axis of the focusing means and is 



focused on the output efftciency control 
and the rr^ulated corresponding colored light 
beam is output in an obl'que direction through 
the focusing means! ' 

18. A display apparatus according to daim 1 7, wherein 
an incidertt angle at wf^ch the cdored light beam is 
inddent the focusing means is equal to an 
angle at whidi the pofored ii^ beam is output from 
the focusing means, ' 

an intend at which the plurality of output effi- 
dency control means are ananged is equal to 
an inten/al at whidi the pluraTity of focusing de- 
ments are anranged in the focusing means, and 
the plurality Off output Sffidency control means 
are disposed so as to bi shifted by a half of the 
arrangement interval with respect to the focus- 
ing means in a direction in which an inctdent 
directiori of the cofored light beam is tilted witfi 
resped to the optical axis of the focusing 
means. 

19. Adisplayapparatusaccordingtodaim 17, wherein 
each of the plurality of output efficiency control 
means is disposed so as to oppose a pair of focus- 
ing elements adjacent to each other of the plurality 
of focusing elements of the focusing means, 
receives the con^esponcGng cdored light beam from 
one of the pair of focusing elements, and outputs 
the modulateid corre^riding cdored light beam to 
the other one of the pair d focusing elements. 



manner that a portion of the grating having a small- 
est period becomes 7 times or more a wavelength 
of the inddent light. 



50 



16. An optical nnodulator according to daim 15. 
wherein, assuming that a length of one side of the 
lens is U a focal lengtfi of the lens is f. and an angle 
fomied by a rwrmal tb'a jirindpal plane of the plate 
of the oi^Hit effidency oortfrol device and the opti- 55 
cal axis of the lens IS 6. the first grating and the sec^ 
oridgrating are designed in such a manner that a 
portion of the grating^having a largest period 
becomes 7(2f + Llane)/(2f - Ltane) times or more 
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20. A display apparatus according to claim 1 7, wherein 
the plurality of output efficiency control means are 
arranged in an m-row and n-column two-dimen- 
sional array the plurality of focusing elements are 
arranged in an (m+1)-row and n-column two-dimen- 
sional array in the focusing means, and output effi- 
ciency control means on a k-th row is disposed so 
as to con-espond to a focusing element on a k-th 
row and a focusing element on a (k+1)-th row, 

21. A display apparatus according to claim 1 7. wherein 
the plurality of optical modulators include a trans- 
parent substrate having a first surface on which the 
focusing means is formed and a second surface 
opposing the first surface, and the output efficiency 
control means is a reflection-type optical element 
formed on the second surface. 

22. A display apparatus according to claim 21, wherein 
-<each of the plurality of output efficiency control 
^eans Includes: 

a transparent electrode which functions as a 
first electrode, provided on the second surface 
of the transparent sut}strate: 
a first grating formed on the transparent elec- 
...^ trode; , ]^ . 
^ spacer iayerfoi^^ elec-" 
trodeiahd : ^ ' 
a second , grating composed of a plurality of 
beams having a portion which functions as a 
second electrode, both en^ beams 
being supported bn'lhe i^^^^^^ 

wherein a distance between the trans- 
V. parent electr^ode a^^ ttie second grating is var- 
' led by kljusting a vofi^e applied between the 
first electrode and the second electrode, 
thereby an efficiency at which the correspond- 
ing colored light beam is output to the focusing 
; means.is controlled. 

23; |i'display apparatus iiccoftfing to claim 17, wherein 
the plurality of focusing elements have a similar 
elliptical shape In which a cross-section gradually 
decreases in a thickness direction thereof. 

24. A display apparatus according to claim 23. wherein 
assuming that an angle of an optical axis of tfie cor- 
responding colored light beam incident upon tiie 
focusing means with respect to a vertical direction 
of a plane on which the focusing means is formed is 
e, a size ratio of a major axis of tiie ellipsoid to a 
minor axis is 1 /cose. 

25. A display apparatus accordmg to daim 1 7. wherein 
the splitting means has a First splitting element 
which reflects a blue light beam and transmits the 
other light beams, a second splitting element which 
r^lects a green light beam and transmits the ottier 
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light beams, and a third splitting element which 
reflects a red tight beam and transmits the other 
light beams. 

26. A display apparatus according to daim 25. wherein 
a wavelength bandwidth of light rdlected from tfie 
first splitting element is smaller than wavelength 
bandwidths of light refleded from the second split- 
ting element and the third splitting element. 

27. A display apparatus according to claim 25. wherein 
a wavelength bandwidth of light r^lected from tfie 
third splitting element is larger than wavelengtfi 
bandwidths of light reflected from tiie first splitting 
element and the second splitting element. 

28. A display apparatus according to daim 25, wherein 
a wavelength bandwidtii of reflected light 
decreases in tiie order of tiie third splitting element, 
tfie second splitting element and the first splitting 
dement 



29. A display apparatus according to daim 25, wherein 
tiie light emitted from the light source passes 
25 ttirough the first splitting element, the second split- 
ting element and tiie tfiird splitting element in tills 
order. 
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A display apparatus according to dam 22. wherein 
. e^ch of the plurality of cqjtical modulatora further 
has a control circuit d tiie output effciency control 
^ ; means^>id fie second ^lectrode^ each of ttie 
output effidency control means is connected to a 
connecting eledrode of tiie control circuit via a sol- 
as - ^dertximp. . 



" 31, A display apparatus according to daim 21 , wherein 
each of the plurality of optical modulators further 
has light absorbing means provided in a region of 
the transparerrt substrate otfier tiian a region 
thereof where tiie focusing means and tiie plurality 
of output effidency control means aire formed. 

32. A display apparatus according to daim 31 , wherein 
tiie light absorbing means Is also provided on each 
periphery of the plurality of focusing elements. 
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33. A display apparatus according to daim 22, wherein 
tiie output efficiency control means outputs zero-tii 
50 ader diffracted light of the corresponding colored 
fight beam. 

. ,34. A display apparatus according to daim 1 7, wherein 
. . ttie plurality of oijtput effidency control means are a 
55 , movable min-or array. 

35. A display apparatus according to daim 22, wherein 
tiie focusing means is a diffraction-type mircolens 
array having a binary/mutti-level structure. 
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36. A display apparatus according to daim 22. wherein, 
in the second grating, an interval of the plurality of 
beams gradually increases in a longitudinal direc- 
tion of the beams. 

37. A display apparatus according to claim 36. wherein 
a period of the grating increases according to a lin- 
ear function in a longitudinal direction of the grating. 

38. A display apparatus according to daim 36. wherein, 
in the second grating, lengths of the plurality of 
beams are equal. 

39. An output effidency control device which modu- 
lates a light amount of Incident light and outputs the 
modulated light comprising: 

a plate having a portion which functions as a 
first electrode: 

a spacer lay^ formed on the plate; arKi 
a gating conpdsed of a plurality of beams 
which are not parallel to each other, the beams 
having portions which function as second elec- 
trodes, both ends of the beams being siq> 
ported on the spacer layer, 

wherein a distance between the grating 
and the plate is varied by adjusting a vol^ge 
applied b€^e«n the fiiistSe^^ 
ond eiectrodes. fliereby an output effidency of 
th^ light is controlled. ; 

40. An output effidency control device according to 
daim 39. wherein a period of the grating gradually 
increases in a tongitudina] direction of the grating. 

41. An output effidency cohM according to 
daim 40, whereh the period of the grating 
increases accordBng to a linear function in a longitu- 
dinal direction of the grating. 

42. An output effidency opntrd device according to 
daim 40, wherein lengths of the jslurality of beams 
are equal. 



daim 39. wherein, assuming that a wavelength of 
tiie inddent light is X, and an angle formed by a nor- 
mal of a prindpal plane of the plate of the output 
effidency control device and an optical axis of the 
5 incident fight is 6. an operation distance of the grat- 
ing is set to be mX/(4cose) , where m is an integer. 

46. An output efficiency contrd device according to 
daim 39, wherein, assuming that a wavelength of 

TO the inddent light is X, and an angle formed by a nor- 
mal to a prindpal plane of the plate of the output 
effidency control device and an optical axis of tiie 
incident light is 6. a tiiickness of the beams is set to 
be mA./(4cos0) . where m is an integer. 

75 

47. An output efficiency contrd device according to 
daim 39, furttier conprising a reflective film formed 
on a siir^ce of tiie plate and a surface of tiie grat- 
ing. 

48. An output efficiency control device according to 
daim 39, furtiier conprising an insulating film 
formed between tiie plate and tiie grating. 

25 49. An output effidency contrd device according to 
daim 48, furtiier comprising a reflective film fornied 
on a surtece of the insulating layer and a surface of 
the grating. 

50 50. An infrarkl sensor comprising: 

a lens for focusing infrared light: 
a pyro-electric element; and 
the output effidency contrd device of claim 39, 
35 which receiyes,the infrared light focused by the 

l u^^^^^^^^ P^rt of ttie infrared 

light to the pyro-eledric eiement 

51. An infrared sensor according to daim 50, wherein 
40 the pyro-elecbic element has a rectangular sur^ce. 

^ 51 An infrared ser^r ac^^^^^^ wherein 
tiie lens has a rebtangdar aperture. 



43. An output effidCTcy control device according to 45 53. An infrared sensor according to daim 50, vtfherein 



daim 39. wherein tiie plurality of beams of tiie grat- 
ing are aligned on an identical plane when a voltage 
is not applied b^een the first electrode and the 
second electrodes, and every otiier beam rs 
attracted to the plate when a voltage is affiled, 
thereby tiie output effidency is controlled. 

44. An output effidency control device according to 
claim 43, wherein tiie plurality of beams are 
densely aligned and function as a mirror when a 
voltage is not appBed between tiie first electrode 
and the second electrodes. 

45. An output effidency control device according to 



tiie output effidency control device is obliquely dis- 
posed in such a manner tiiat a namai to a principal 
plane of the plate is disposed so as not to be paral- 
lel to an optical axis of tiie lens. 



so 



54. An infrared sensor according to claim 50. wherein 
tiie output effidency control device is disposed in 
such a manner tiiat or^y zerp-tii order diffracted 
light of diffraded fight diffracted by the grating d tiie 
55 output effidency oon^ 

p^o^eiectric element and diffracted light 

the zero-til order diffracted light is not incident upon 

the pyro-electric element 
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55. An infrared sensor according to claim 50. wherein a 
change in a distance between the grating and the 
plate of the output efficiency control device 
changes a light amount of the zero-th order dif- 
fracted light. 5 

56. An infrared sensor according to daim 50, wherein 
the infrared sensor further includes a sealing mem- 
ber having an opening, and the sealing member 
contains the output efficiency control device and w 
the pyro-electric element. 

57. An infrared sensor according to daim 56, wherein 
the lens is provided in the opening of the sealing 
member ;5 

5?. An infrared sensor according to daim 50, wherein 



^^he lens is a diffraction-type lens. 

59. : An infrared sensor according to daim 52. wherein a 20 
""^ smallest period of the grating of the output effi- 
ciency control device is 7 times or more a wave- 
length of the infrared light. 

60. An infrared sensor according to daim 52, wherein, 2S 
assuming that a length of one side of the lens is U 

a focal length of the lens is t arKJ an angle formed 
by a namal to a prindpa plateljf ^tf^^^ " " ' 

output efficiency control device and an optical axis 
of the lens is 0. a largest period of the grating is 30 
7(2f + Ltane)/(2f - Ltane) times or more a wave- 
length of the infrared ll^ht. " 

61. An infrared sensor accordihg to daim 50, wherein 
the output effidenc^ control device is disposed in 35 
such a mafiner thali dira:tion which is parallel to a 
principal plane of the plate and vertical to the grat- 
ing is vertical to an optical axis of the lens. 



62.^An infrared sensor compridng: 
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. the output efficiency control device of claim 39, 
" which :Dutputs at least part of incident infrared 
light; 

a pyro-electric element; and 45 
a lens, provided between the output efficiency 
control device and the pyro-electric element, 
for focusing the infrared light output from the 
output efficiency control device onto the pyro- 
electric element 50 

63. An infrared sensor according to daim 62. wherein 
the pyro-electric element has a rectangular surface. 

64. An infrared sensor according to daim 63, wherein 55 
the lens has a relctangular ap rture. 

65. An infrared sensor aixording to daim 62, wherein 
the output effidency control device is obliquely dis- 



posed in such a manner that a normal to a principal 
plane of the plate is not parallel to an optical axis of 
the lens. 

66. An infrared sensor according to claim 62, wherein 
the output efficiency control device is disposed in 
such a manner that only zero-th order diffracted 
light of diffracted light diffracted by the grating of the 
output efficiency control device is incident upon the 
pyro-electric element, and diffracted light other than 
the zero-th order diffracted light is not incident upon 
the pyro-electric element. 

67, An infrared sensor according to daim 62, wherein a 
change in a distance between the grating and the 
plate of the output effidency control device 
changes a light amount of the zero-th order dif- 
fracted light 

6a An infrared sensor according to daim 62. wherein 
the infrared sensor further indudes a sealing mem- 
ber having an opening, and the sealing member 
contains the output, efficiency control device and 
the pyrof iectric element. ' 

69. An infrared sensor according to claim 62. wherein 
. the le re has a suriiac e rel ief structure in accordance 

with a moduiated arribunt of a phase of the lens and 
is oorrposed of a material selected from a group 
consisting of Si, Ge. GaAs, InP, GaP. ZnSe, and 
ZnS. 

70. An iifiared sensor according to claim 62. wherein 
the output effidency control device is disposed in 
siK^h a manner that a direction which is parallel to a 
prindpal plane of the plate and vertical to the grat- 
ing is vertical to an optical axis of the lens. 

71. An output effidency contrd device array which 
modulates, a light amount of incident light and out- 

, . puts the rrodulated light, having a plurafity of output 
effidency control devices an^ged in a two-dimen- 
sional array, each of the plurality of output effidency 
control devices comprising: 

a plate having a portion which functions as a 
first electrode; 

a spacer layer formed on the plate; and 
a grating composed of beams which are not 
parallel to each other, the beams having por- 
tions which function as second electrodes, both 
ends of the beams being supported on the 
. spacer layer. 

1 ..wherein a distance between the grating 
and the plate is varied by adjusting a voltage 
applied between the first electrode and the sec- 
ond electrodes, thereby an effidency at which 
the light is output is controlled. 
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72. An infrared sensor comprising: 

a lens for focusing infrared light; 

a pyro-eiectric element; and 

the output efficiency control device array of 

claim 71, which receives the infrared light 

focused by the lens and outputs at least part of 

the infrared light to the pyro-electric element. 

73. An infrared sensor, conprising: 

the output efficiency control device array of 
claim 71 . which outputs at least part of incident 
infrared light; 

a pyro-eiectric element; and 
a lens, provided between the output efficiency 
control device and the pyro-electric element, 
for focusing the infrared light output from the 
output efficiency corrtrol device onto the pyro- 
electric element 

74. A method for driving the infrared sensor of daim 72, 
comprising the steps of: 

successively operating the plurality of output 
efficiency control devices, and successively 
detecting output signals from the pyro-electric 
element thus obtained; and 
detecting a two-dimensional infrared light 
intensity distribution as information in time 
sequence, based on the detected output sig- 
nals from the pyro-electric element. 



75. A method for driving the infrared sensor of daim 73. 
comprising the steps of: 55 



successively operating the plurality of output 
efficiency control devices, and successively 
detecting output signals from the pyro-electric 
element thus obtained: and 
detecting a twoKlimenslonal infrared fight 
intensity distrftjution as information in time 
sequence, based on the detected output sig- 
nals from the pyro-electric element. 



77. A non-contact thermometer according to claim 76. 
wherein the contact-type temperature measuring 
means is a thermo-couple. 

5 78. A non-contact thermometer comprising: 



a housing having an opening; 
a shield which doses and opens the opening; 
a pyro-electric element provided in the hous- 
ing; 

contact-type temperature measuring means 
provided on a side wall of the housing; 
the output effidency contrd device of claim 39. 
which is provided in the housing, receives irtfra- 
red light through the opening, and outputs at 
least part of the infrared light: and 
a lens which outputs at least part of the infrared 
light output from the output efficiency control 
device to the pyro-eiectric element. 



79, A non-contact thermometer according to daim 78. 
wherein the contact-type temperature measuring 
means is a thermo-couple. 

25 80. A non-contact thermometer conprising: 



a lens for focusing infrared light; 
a hcHJSihg having an opening: 
a shield which closes and opens the opening; 
a pyro-electric element provided in the hous- 
ing; 

contact-type temperature measuring means 
provided on a side wall of the housing: and 
the output effidency contrd device anray of 
daim 71. which is provided in the housing, 
recdves the infrared light focused by the lens, 
and outputs at least part of the infrared light 
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81. A non-contact thermometer according to daim 80. 
wherein the contact-type temperature measuring 
means is a thernw-couple. 

82. A non-contact thernrometer comprising: 

a housing having an opening; 



76- A non-contact thermometer comprising: 

a lens for focusing infrared light; 
a housing having an opening; 
a shield which doses and opens the opening; 
a pyro-electric element provided in the hous- 
ing; 

contact-type temperature measuring means 
provided on a side wail of the housing: and 
the output effidency control device of daim 39. 
which is provided in the housing, recdves the 
infrared light focused by the lens, and outputs 
at least part of the infrared light 



a shield which doses and opens the opening; 
a pyro-eiectric element provided in the hous- 
ing; 

contact-type temperature measuring means 
50 provided on a side wall of the housing; 

the output effidency contrd device of claim 71 , 
which is provided in the housing, receives infra- 
red light incident through the opening, and out- 
puts at least part of the infrared light; and 
55 a lens wttich outputs at least part of the infrared 

light output from the output effidency control 
device to the pyro-electric element. 

83. A non-contact thermometer according to daim 82. 
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wherein the contact-type temperature measuring 
means is a thermo-couple. 

84. A method for producing the display apparatus of 
claim 1 7. comprising the steps of: s 

producing the plurality of optical modulators; 
and 

an^anging and assembling the light source, the 
splitting means, the plurality of optical modula- io 
tors, and the imaging lens, 

wherein the step of producing the plural- 
ity of optical modulators includes: 
forming the focusing means on a first surface of 
a transparent sut)strate: is 
forming the plurality of output efficiency control 

^ means each having a connecting portion for 
driving on a second surface of the transparent 

¥|: substrate opposing the first surface: 

connecting the connecting portion for driving to 20 

1? a driving drcuit for driving the plurality of output 
efficiency control means: 
in the case where there is a connection defect 
between the connecting portion for driving arid 
tiie driving circuit. Irradiating the connecting 25 
portion corresponding to the connection defect 
witti laser light, thereby repairing the connec- 
tiori defect.' I ^ 
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